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ABSTRACT 
The diamondback moth (DBM), Plutella xylostella (Linn.) is an oligophagous and 
major pest of Brassica. Cauliflower and cabbage both are preferred host plants of P. xylostella 
and significantly differed in their impact on the life table parameters under the influence of 
biopesticides at constant temperatures. The survivorship (Ix) was decreased fi-om decreasing the 
concentrations of biopesticides from 20 to 5 ppm and also decreased by increasing the 
temperature from 10° to 35°C. It was prolonged to 121 and 117 days with LC50 of inridacloprid 
on cabbage and cauliflower, respectively at 10°C. 20 ppm of neemazal has also increased the 
survivorship to 44 and 42 days as compared to 31 and 29 days in the untreated cabbage and 
cauliflower, respectively at 25 °C. Hatching of eggs were reduced when P. xylostella reared on 
treated cabbage as compared to treated cauliflower irrespective of concentrations and constant 
temperatures. The highest numbe^ -^of eggs (83.1 and 72.0%) were hatched by 5 ppm of biolep, 
while 83.33 and 82.67% in th^ untreated control of cauliflower and cabbage, respectively at 
25°C. 1*' instars were survived*to 66.49 and 65.22% treated with LC50 of imidacloprid as 
compared to 84.2 and 79.75% in the untreated caMliflower and cabbage, respectively at 25°C. 
The survival of 2"'' instar was 81.25 and 83.13% exposed to 5 ppm of biolep, on cabbage and 
cauliflower at 25°C, respectively. However, survival of 3'^ instar was higher in all the 
treatments on cauliflower than to cabbage at constant temperatures. Pupal survival was 
shortened to 79.38 and 77.52% by LC50 of imidacloprid on cauliflower and cabbage, 
respectively at 25°C. Lower concentrations gave higher survival to immature stages than to the 
higher concentrations that provided lower survival at constant temperatures. 
The oviposition period was extended to 7 days with 15, 10 and 5 ppm of biolep and 5 
ppm of neemazal as compared to the untreated cauliflower and cabbage at 25 °C. Post 
oviposition period was concentration dependent of neemazal, biolep and imidacloprid at 
constant temperatures. The longevity of adult was 23 days treated with 5 ppm of biolep as 
compared to 24 days in the untreated control on cauliflower at 10°C. At 25°C, longevity was 10 
days by 10 and 5 ppm of biolep on cabbage and 10 days treated with 10 and 15 ppm of biolep 
on cauliflower at 25°C. Fecundity rate (mx) was highest on 3'^ *' day irrespective of biopesticides 
and constant temperatures. The mx was greater on cauliflower (only) than that of cabbage 
(only). The mx was the highest on cauliflower treated with biopesticides as compared to 
cabbage at 25°C. 
Potential fecundity (Pf) was significantly affected by concentrations of neemazal, biolep 
and imidacloprid on cauliflower and cabbage at constant temperatures. 69.9 and 75.9 
females/female/generation were produced by 5 ppm of neemazal on cabbage and cauliflower, 
respectively at 25°C but enhanced to 101.3 and 95.6females/female/generation by 5 ppm of 
biolep and 124.20 and 114.5females/female/generation in the unexposed groups of P. xylostella 
on cauliflower and cabbage, respectively at 25°C.The net reproductive rate (Ro) was 
significantly reduced to 0.26 and 0.29females/female/generation with exposure to LC25 of 
imidacloprid on cabbage at 35° and 10°C, respectively. 59.80females/female/generation were 
produced with biolep 5 ppm on cauliflower at 25°C and reduced to 55.91 from the same 
concentration and temperature on cabbage. Reproduction rate was higher when P. xylos.tella 
reared on cauliflower than to cabbage under the influence of biopesticides at constant 
temperatures. Negative values of rm have occurred when P. xylostella exposed to 20 and 15 
ppm of neemazal and LC50 and LC25 of imidacloprid on cauliflower and cabbage at 10° and 
35°C, respectively showing that the population of P. xylostella heading towards extinction. A 
greater value of rm i.e. 0.058 females/female/day was determined with 5 ppm of biolep on 
cauliflower at 25°C, while the same concentration gave 0.052 females/female/day on cabbage 
than to other concentrations tested. The rm value was higher in cauliflower (only) than to 
cabbage at 30°C. The values of finite rate of increase (X) were declined to less than one when 
treated with 20 ppm of neemazal and LC50 of imidacloprid on cauliflower at 10° and 35°C. 
Progeny production was greater when P. xylostella exposed to 5 ppm of biolep on cauliflower 
than to cabbage at 25°C. A greatly delayed generation time (107.3 days) of P. xylostella was 
obtained when exposed to LC50 of imidacloprid on cabbage at 10°C. P. xylostella can complete 
a single generation in 21.41 days in unexposed groups as compared to 26.9 days exposed to 5 
ppm of neemazal on cauliflower at 25°C. Almost similar trend of corrected generation time (x) 
was obtained by treatment of neemazal, biolep, LC50 and LC25 of imidacloprid on cauliflower 
and cabbage at constant temperatures. Population of P. xylostella will become double in 4.2 
days in the untreated control at 30°C as compared to 4.46 days at 25°C on cauliflower. 
Negative values and a very prolonged DT were determined by 20 ppm of neemazal at 10°C and 
20 and 15 ppm of neemazal at 35°C, LC50 and LC25 of imidacloprid at 10° and 35°C on 
cabbage where P. xylostella can't be able to multiply and produce progeny in the next 
generation. 
Cauliflower was more preferred than to cabbage where the development of P. xylostella 
was substantially fast. Development of P. xylostella was greatly prolonged to 121 and 117 days 
with LC50 of imidacloprid as compared to 92.0 and 90.0 days in the untreated control on 
cabbage and cauliflower, respectively at 10°C. Incubation period was delayed to 17.6 days with 
LC50 of imidacloprid on cabbage as compared to concentrations tested of neemazal and biolep 
on cabbage and cauliflower at 10°C. However, 6.3 and 5.9 days were required for incubation of 
eggs treated with LC50 of imidacloprid, while 3.3 and 3.2 days in the untreated control on 
cabbage and cauliflower, respectively at 25°C. Larval development was completed in 22 days 
treated with LCsoon cabbage and 21.4 days with 20 ppm of neemazal on cabbage as compared 
to 12.2 and 11.2 days in the untreated control on cabbage and cauliflower, respectively at 25°C. 
The pupal period was prolonged to 17 days with LC50 of imidacloprid on cabbage at 10°C; this 
value was greater to other treatments on cabbage and cauliflower. Developmental period of 
immature stages was greatly increased from 15.6 to 103.3 days with decreasing the temperature 
from 35° to 10°C with LC50 of imidacloprid on cabbage; however, it was greater than other, 
treatments. The adults lived for 17.7 and 4.4 days with LC50 of imidacloprid, while 24.1 and 5.1 
days in the untreated control on cabbage at 10° and 35°C, respectively. 
Tmin for embryonic development increases with decreasing the concentrations of 
neemazal, biolep and imidacloprid on cauliflower and cabbage. Tmin for egg stage was 7.91 °C 
treated with LC25 of imidacloprid on cauliflower than to the untreated control and treated with 
neemazal, biolep and imidacloprid and decreased to 6.71°C treated with LC50 of imidacloprid 
as compared to 8.02°C for untreated control on cabbage. Tmjn for egg stage was 7.44°C treated 
with LC25 of imidacloprid and reduced to 6.53°C treated with LCsoof imidacloprid but 8.25°C 
in the treated and imtreated cauliflower. Tmin was lower for larval stages treated with neemazal, 
biolep and imidacloprid on cabbage and cauliflower than the untreated control on both. Tmin for 
pupa was ranged from 7.18° to 7.91°C with neemazal on cauliflower, while 6.97° to 7.63°C on 
cabbage. 
Thermal constant (K) differed significantly with concentrations of neemazal, biolep and 
imidacloprid at constant temperatures. A greater quantity of heat (95.2°C-day) was required 
for embryonic development with LC50 of imidacloprid on cabbage than to other treatment on 
cabbage and cauliflower and 59.5°C-day were required on cabbage (only). A total of 446.3°C-
day required for larval development and reduced to 192.8°C-day with biolep 5 ppm on 
cabbage. However, it was 294.5°C-day treated with LC50 of imidacloprid as compared to 
152.6°C-day on cauliflower (only). Therefore, cauliflower is more preferred and suitable host 
where smaller quantity of heat is required for the development of larvae than that of cabbage. 
Thermal heat required for prepupal and pupal stages increased wdth increasing the 
concentrations of neemazal, biolep and imidacloprid on cauliflower and cabbage. The adult 
stage required highest amount of heat (277.8°C-day) treated with 5 ppm of biolep as compared 
to l81.8°C-day in cabbage only, while 258.7°C-day with 20 ppm of neemazal and reduced to 
172.4°C-day in cauliflower (only). 
Degree day (DD) requirement was increased with increasing the temperature from 10° 
to 30°C, while decreased above 30°C in all the treatments on cauliflower and cabbage. DD was 
greater when treated with LC50 of imidacloprid than to other treatments on cauliflower. 
However, higher quantity of heat required for development of immature when treated with 20 
ppm of neemazal than to other treatments on cabbage and the control. The pupa has 
accumulated higher quantity of heat unit with treated and untreated control than to other 
immature at constant temperatures. Total degree day requirement in immature (egg to pupa) 
was calculated maximum with imidacloprid in both cauliflower and cabbage but it was lower 
with biolep and neemazal as compared to imidacloprid at constant temperatures. 
Tmax for embryonic development was 42.53°C in cauliflower (only) and 41.96°C treated 
with 10 ppm of biolep. While, Tmax on cabbage was 42.02°C treated with 10 ppm of neemazal 
and it was decreased to 40°C in other treatments. The Tmax was highest for 3'** instar treated 
with 5 ppm of neemazal than to other instars with exposed and unexposed groups on 
cauliflower and cabbage. Substantial variations were determined in Tmax of P', 2"** and 4"^  
instars in the treated and untreated control. The aduh was active at a higher temperature of 
41.62°C in imtreated control than to the treated groups. Minimum threshold temperature (Tmin) 
for embryonic development was 8.59°C in the untreated cabbage and decreased in the treated 
groups, while 8.86°C was calculated on untreated cauliflower only. However, egg stage may 
able to tolerate lower temperature when treated with neemazal. 3^ ^ instar was more susceptible 
to biopesticides than to other treatments on cabbage and cauliflower. Variations m 1 opt were 
substantial in both treated and untreated control. 
The oviposition of P. xylostella was affected by cauliflower and cabbage under the 
influence of neemarin, neemix and neemazal through no-choice and two choice tests. Cabbage 
varieties i.e. Golden Acre, Parvati and NS-25 were less preferred for oviposition than to 
cauliflower varieties. Neemazal was more preferred by P. xylostella to oviposit than to 
neemarin and neemix. Whereas, Aghani was more preferred for oviposition than to Pusi and 
Pusa Snowboll-k-1 under the influence of neemazal in two choice tests. A total of 155.5/45.3 
eggs were collected on Pusi when treated with a combination of control+20 ppm of neemazal 
followed by Pusa SnowboU-K-l and Aghani while, 38.4/57.2 eggs were recorded with 
combination of 20+15 ppm of neemazal in 2009-10. However, the lowest number of eggs 
(47.5/62.4) was collected treated with 20+15 ppm on Golden Acre as compared to other 
combinations on Parvati and NS-25. The highest number of eggs (157.4/48.5) was on Parvati as 
compared to Golden Acre and NS-25 in 2009-10. 5+10 and 10+15 combinations were not 
significantly (P<0.05) differed with each other on both cauliflower and cabbage varieties tested. 
Neemazal and neemix @ 20 ppm were more effective in reducing the density of P. 
xylostella than to neemarin, neemexcel and multineem on cauliflower and cabbage varieties in 
two sprays during 2008-09 and 2009-10. Neemazal has reduced a significantly higher number 
of larvae and pupae than to the rest of neem insecticides tested in 1^ ' spray on Pusa Snowboll-k-
5 
1 during 2009-10, while 25-85% in 2"'' spray on Pusi in 2008-09. Multineem @ 20 ppm and 
NSKE @ 5% showed a least reduction in both the cropping seasons. A substantial reduction 
was also observed with biolep and bioasp on both cauliflower and cabbage varieties. B. 
bassiana concentrations were considerably reduced the density of P. xylostella during both 
cropping seasons. The population of P. xylostella was reduced significantly in cauliflower 
varieties than to cabbage. 
Parasites of P. xylostella were greatly affected with neemazal 20 ppm as compared to 
neemix and neemarin, while multineem 20 ppm was least harmful to parasites. Biolep and 
bioasp @ 20 ppm gave a substantial effect on the parasites. NSKE was found safer to parasites 
of P. xylostella on cauliflower and cabbage during both the cropping seasons. B. bassiana 
showed a little impact on the parasite on cauliflower and cabbage varieties. 
Combined application of neemazal (15 ppm) and neemix (15 ppm) with imidacloprid 
(10 ppm) and cypermethrin (15 ppm) reduced P. xylostella population effectively as compared 
to other biopesticides tested on cauliflower and cabbage varieties in two sprays during 2008-09 
and 2009-10. Neemazal and imidacloprid gave the highest reduction (39.6-93.8%) in 1^ ' spray 
on NS-25 of cabbage in 2008-09, while, 33.1-92.9% in neemazal and cypermethrin (15+15 
ppm) in 2"*" spray on Aghani in 2008-09. Neemix and imidacloprid (15+10 ppm) caused a 
reduction of 30.8-86.9% on Pusi in 2008-09. Neemarin (15 ppm) and neemexcel (15 ppm) with 
imidacloprid (10 ppm) and cypermethrin (15 ppm) caused the highest reduction on Pusi in 1^* 
spray and on Aghani in 2"'' spray in 2008-09. Whereas, population was greatly reduced on NS-
25 and Golden Acre in l" and 2"'' spray in 2009-10 and 2008-09, respectively. Multineem (15 
ppm) with imidacloprid (10 ppm) and cypermethrin (15 ppm) offered a significantly decrease 
in the population as compared to other neem insecticides diiring the two cropping seasons. 
Biolep (15 ppm) and bioasp (15 ppm) with imidacloprid (10 ppm) caused as high as 21.8-77.4 
and 20.4-75.7% reduction in 1'' spray on Pusi and 20.6-78.9 and 19.7-77.8% with 2"" spray on 
Aghani in 2008-09. NSKE (3%) with imidacloprid (10 ppm) and cypermethrin (15 ppm) 
showed a considerable reduction on tested varieties of cauliflower and cabbage during both 
cropping seasons. 
Neemazal with imidacloprid (15+10 ppm) reduced the parasites of P. xylostella as 
compared to other combinations of biopesticides and insecticides. Neemix with imidacloprid 
(15+10 ppm) and cypermethrin (15 ppm) gave the highest reduction that ranged from 52.8-59.1 
and 50.0-59.0% in l" and 2"'' sprays on Pusi and Pusa Snowboll-k-1, respectively in 2008-09. 
However, 57.7-64.8% population was decreased in 1^ ' spray on Golden Acre in 2008-09, while 
44.67-63.25% in 2"'' spray on Golden Acre in 2009-10. Neemarin (15 ppm) and neemexcel (15 
ppm) combination with insecticides showed a substantial decrease in parasite population on 
cauliflower and cabbage varieties. Biolep and bioasp with imidacloprid (15+10 ppm) reduced 
the population to 28.6-46.6 and 25.0-45.0%, while 26.8-50.6 and 24.0-49.2% reduction with 
biolep and bioasp with cypermethrin (15+15), respectively on Pusi in 2009-10. Least effect was 
observed with NSKE (3%) with imidacloprid (10 ppm) and cypermethrin (15 ppm) as 
compared to neem formulations used on cauliflower and cabbage varieties during both 
cropping seasons. 
Cauliflower and cabbage production was considerably increased with the application of 
biopesticides in two years of study. Maximum yield was obtained in neemazal i.e. 281.6 and 
287.3qha"' in 2008-09 and 2009-10, respectively followed by neemix, neemarin, neemexcel 
and multineem. Cauliflower when treated with biolep and bioasp produced 237.4 and 233.5qha" 
\ respectively in 2008-09, while 240.3 and 236.7qha"', respectively during 2009-10. Neemazal 
exhibited the highest benefit cost ratio (13.1:1) followed by neemix (8.5:1), neemarin (6.1:1), 
neemexcel (5.1:1) and NSKE (4.8:1) in 2008-09; whereas, a substantially highest benefit cost 
ratio was in neemazal (15.1:1) followed by neemix (10.3:1), neemarin (8.3:1), neemexcel 
(6.3:1) and NSKE (5.7:1) in 2009-10. Biolep and bioasp gave a considerably better benefit cost 
ratio 3.3:1 and 2.3:1 in 2008-09, while, 3.5:1 and 2.5:1 in 2009-10, respectively than to B. 
bassiana. 
Cabbage yield was highest with neemazal i.e. 288.2 and 292.9qha"' in 2008-09 and 
2009-10, respectively followed by neemix and neemarin. Multineem treated cabbage produced 
253.5 and 258.2qha'' during 2008-09 and 2009-10, respectively. Cabbage production was 
increased in biolep and bioasp treated plots to 245.3 and 240.2q/ha'' in 2008-09, while 249.4 
and 241.6q/ha"' respectively in 2009-10 as compared to 226.2 and 229.1q/ha"' in the control 
plots during 2008-09 and 2009-10, respectively. Cabbage production was lower during 1^ ' year 
than to that of 2"'' year in their respective treatments. Highest benefit cost ratio was exhibited in 
neemazal (13.3:1) followed by neemix (9.5:1), neemarin (8.5:1), neemexcel (8.3:1) and 
multineem (4.8:1) in 2008-09. However, it was increased 13.5:1 with neemazal followed by 
neemix (10.7:1), neemarin (8.7:1), neemexcel (8.4:1) and multineem (5.1:1) in 2009-10. 
Whereas, biolep and bioasp offered a better benefit cost rafio of 3.9:1 and 2.6:1 in 2008-09, 
while, 4.0:1 and 2.1:1 in 2009-10, respectively than to B. bassiana. 
Neemazal gave a higher yield and benefit cost ratio on cabbage than to cauliflower 
among the biopesticides tested during both the years. Neemix and neemarin also exhibited the 
higher yield and benefit cost ratio in cabbage and cauliflower during two cropping seasons. 
NSKE considerably offered more yield in cauliflower than to cabbage. Biolep and bioasp 
exhibited a higher yield and benefit cost ratio in cabbage than to cauliflower. 
Combined effect of biopesticides and insecticides offered a significantly higher yield 
and cost benefit ratio on cauliflower than to the control during both cropping seasons. A 
significantly high production was noted in neemazal with imidacloprid and cypermethrin i.e. 
287.8 and 292.7qha'' in 2008-09 and 2009-10, respectively followed by neemix, neemarin, 
neemexcel and multineem combinations with imidacloprid and cypermethrin. Neemix and 
neemarin with imidacloprid and cypermethrin resulted 276.3 and 261.4q/ha'' in 2008-09, while 
281.5 and 267.3 q/ha'', respectively in 2009-10 as compared to 223.1 and 227.4q/ha"' in the 
untreated control. However, biolep and bioasp with imidacloprid and cypermethrin treatments 
have increased the cauliflower yield to 243.7 and 239.7q/ha'' in 2008-09, while 248.5 and 
244.8qha"\ respectively during 2009-10. The highest benefit cost ratio (15.4:1) was exhibited 
by neemazal with imidacloprid and cypermethrin combinations followed by neemix (11.6:1), 
neemarin (8.3:1), neemexcel (6.6:1) and NSKE (5.9:1) wdth imidacloprid and cypermethrin 
combinations in 2008-09; whereas 16.3:1 was obtained in neemazal with imidacloprid and 
cypermethrin combinations followed by neemix (12.4:1), neemarin (9.1:1), neemexcel (7.1:1) 
and NSKE (6.2:1) with tested insecticides in 2009-10. Whereas, biolep and bioasp with 
imidacloprid and cypermethrin exhibited a considerably lower benefit cost ratio of 4.7:1 and 
3.6:1 in 2008-09, while, 5.0:1 and 4.0:1, in 2009-10, respectively than to neem based and 
insecticides combinations. 
Neemazal with imidacloprid and cypermethrin exhibited the highest cabbage yield of 
293.3 and 296.4qha"' in 2008-09 and 2009-10, respectively followed by neemix and neemarin 
and insecticide combinations. Neemexcel and neemarin with imidacloprid and cypermethrin 
were not significantly differed in yield performance. Cabbage when treated with multineem and 
other insecticides produced 268.4 and 272.8qha'' during 2008-09 and 2009-10, respectively. 
Biolep and bioasp treatments with imidacloprid and cypermethrin increased the cabbage 
productivity to 251.2 and 246.6q/ha'' in 2008-09, while 255.3 and 251.7q/ha'' in 2009-10 as 
compared to 228.2 and 230.2q/ha"', respectively in untreated control in two cropping seasons. 
Neemazal with imidacloprid and cypermethrin gave the highest benefit cost ratio of 
14.5:1 followed by neemix (11.7:1), neemarin (10.5:1), neemexcel (9.9:1) and multineem 
(8.1:1) in 2008-09. Whereas, cost benefit ratio of 14.6:1 was obtained with neemazal and tested 
insecticides followed by neemix (12.1:1), neemarin (10.6:1), neemexcel (10.3:1) arid 
multineem (8.6:1) with imidacloprid and cypermethrin in 2009-10. Benefit cost ratio in NSKE 
with insecticides was 6.7:1 in 2008-09, while 7.3:1 in 2009-10. 
Neemazal with imidacloprid and cypermethrin showed the highest yield in cabbage as 
compared to cauliflower, however benefit cost ratio was higher in cauliflower with their 
respective biopesticides and insecticides tested during both the years. Neemix and neemarin 
also exhibited a higher yield and benefit cost ratio in cabbage and cauliflower during two 
cropping seasons. NSKE with imidacloprid and cypermethrin increased the cabbage 
productivity and benefit cost ratio as compared to cauliflower. Biolep and bioasp with 
imidacloprid and cypermethrin gave more yield and benefit cost ratio in cabbage than to 
cauliflower. 
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INTRODUCTION 
India is the largest producer of vegetables in the world after China with an annual 
production of 101.43 million tons from 6.76 million ha (Rai and Pandey, 2007). Among them. 
Cole crops are important Brassica vegetables and one of the most cultivated and abundantly 
consumed all over the world. They include cabbage, cauliflower, Chinese cabbage, broccoli, 
knol-khol, radish, turnip and mustard. India occupies first position in the production of 
cauliflower and third in cabbage with their total share in the country's vegetable production is 
6.9 and 7.3%, respectively (Anon. 2009) and they are cultivated in an area of 278,800 and 
232,800 ha, respectively (Anon. 2007). Major producer states are Punjab, Haryana, Uttar 
Pradesh, Bihar, Jharkhand, West Bengal, Assam, Maharashtra, Gujarat and Kamataka. 
Productivity of cabbage and cauliflower in India is much lower attributing to many 
causes and among them insect pests are the major constraints. It has been estimated that insect 
herbivore alone causes 40% of the yield loss annually (Sood, 2007, Hasan and Ansari, 2010). 
The important insect pests are: diamondback moth (DBM), Plutella xylostella (Linn.), cabbage 
butterfly, Pieris brassicae (linn.), cabbage borer, Hellula undalis (Fab.), leaf-eating caterpillar, 
Helicoverpa armigera (Hubner), Spilarctia obliqua (Walker), Spodoptera littoralis (Fab.), S. 
litura (Fab.), S. exigua (Hubner), leaf-webber, Crocidolomia binotalis Zeller, cabbage looper, 
Thysanoplusia orichalcea (Fab.), Plusia eriosoma Doubleday, aphids: Brevicoryne brassicae 
(Linn.), Lipaphis erysimi (Kalt.), Aphis gossypii Glover, Myzus persicae (Sulzer), painted bug, 
Bagrada cruciferarum Krikaldy, B. Maris, leaf-eating beetle, Phyllotreta cruciferae (Goeze), 
P. chotanica Duviv., P. birmanica Harold. These insects are widely distributed in different 
agro- climatic conditions in India. 
The diamondback moth (DBM), Plutella xylostella (Linn.) (Lepidoptera: 
Yponomeutidae) is an oligophagous pest of cruciferous crops (Thomsteinson, 1953). It is a 
cosmopolitan in distribution and cost of control is US $ 1 billion globally per annum (Talekar 
and Shelton, 1993). This pest is present wherever its host plants exist and is considered to be 
the widely distributed among all the Lepidoptera (Shelton, 2004). It is also because of the 
diversity and abundance of host plants, lack or distribution of its natural enemies, and high 
reproduction potential with up to 20 generation per year (Hui et al., 2010). It has been recorded 
since 1746 (Harcourt, 1962) and believed to have originated in Mediterranean region (Harcourt, 
1954), which is also the place of origin of some of the important crucifer crops (Tsunoda, 
1980). It has now been recorded from at least 128 countries or territories of the world (Anon. 
1968, Talekar and Shelton, 1993). In India, DBM was first recorded on crucifer vegetables in 
1914 (Fletcher, 1914) and now distributed all over India wherever crucifers grown. 
xylostella attacks the crop from the nursery stage onwards (Shelton, 2004). Srinivasan (1984) 
reported 90-92% loss could occur if cabbage is left unprotected and also vary from 30-100% 
(Lingappa et al, 2000). In India, the losses to DBM is estimated to be $16 million annually in a 
cultivated area of 501,700 ha (Mohan and Gujar, 2003). A population of 4 or more medium 
sized DBM larvae (3^ ** or 4* instars)/plant in a nursery could render seedlings untransplantable 
and 10 larvae/plant up to one month after planting and 20 larvae/plant 1-2 months after planting 
caused economic loss and required insecticidal intervention (Jayarathnam, 1977). 
Control failures of DBM are more common in tropical countries of the world, including 
India (Ahmad et al, 2009) because it has the ability to multiply rapidly in the favorable tropical 
climates due to its high reproductive capacity and wide host range and to develop resistance 
against an array of insecticides (Talekar et al, 1990). The DBM infestations sometimes compel 
growers to plough down their standing crops in spite of multiple insecticide applications (Abro 
et al, 1994, Perez et al, 2000). Outbreaks of P. xylostella have been reported from South East 
Asia in different years and the losses were estimated to be about 90% (Talekar and Shelton, 
1993, Ahmad e/a/., 2009). 
The diamondback moth has become one of the most difficult pests to control in the past 
50 years worldwide (Sarita et al., 2010) because of its intrinsic biology and ecology and also 
host range. The widespread and intensive use of insecticides and the genetic elasticity of DBM 
have led to serious problems including insecticide resistance (Mohan and Gujar, 2003, Shelton, 
2004, Sarfraz et al., 2005, Zhou et al., 2011) and elimination of natural enemies (Kfir, 2002, 
Xu et al, 2004). P. xylostella has developed resistance to as many as 73 insecticides including 
Bacillus thuriengiensis strains and its toxins: http://www.pesticidesresistance.org/DB/ species 
from more than 50 countries and territories of the world. P. xylostella has also been reported 
with cross resistance and multiple resistant to many insecticides (Shelton et al., 2000, Sayyed et 
al, 2004, Sarfraz and Keddie, 2005, Zhou et al, 2011). 
The adult moth is small cylindrical, light brownish or grayish in color with wing 
expanse of 1.4 cm and live for 3-11 days. The male is smaller than female in size. Three pale-
whitish triangular patches or wavy markings can be seen on the margins of the forewings when 
closed, looks like diamond, this is the reason that common name is diamondback moth. Life 
span of male and female is 10 days and 12-18 days, respectively. Adults are inactive during the 
day, if the plants are disturbed during the day, they fly erratically. Emergence of adult occurred 
in the evening and rarely in the morning hours. They feed on the flowers of^ Brassica']wsi before 
dusk. Generally, 13-14 generations are completed per year. Typically minute pale whitish eggs 
(0.5-0.8 mm) are laid singly on the lower and upper surface along with the mid rib of leaves. A 
single female lavs 50-160 eees in her life span. The incubation period ranges from 3-7 days and 
hatching percentage was 80-95 percent depending on the season.The 1^ ' instar is minute with a 
white greenish translucent body which mines into leaf and remains there for 4-5 days in cold 
season, 2-3 days in hot and 3-4 days in rainy season. 2"** instar comes out from the mine and 
looks like whitish-green in color and starts feeding on the lower surface of the leaves. It lasts 2-
3 days during hot and rainy season and 4-5 days in cold season depending on the varying 
temperature. The 3 '^' instar is light pale-greenish in color and becomes full grown in 2-3 days in 
hot and rainy season and 3-5 days in cold season. The 4 instar is greenish to dark green with 
creamy brown head and feeds gregariously upon the leaves, which lasts for 2-3 days in hot and 
rainy seasons and 3-4 days in cold season. Total larval period ranged from 14-21 days 
(Abraham and Padmanabhan, 1968). The pre-pupal period is estimated to be one day. Pupation 
takes place in loose mass of silken cocoon spun by the full grown larva. The pupa is 6 mm long 
and of light brown in colour (Plate-1) (Lingappa et al, 2000) and the period ranges from 7-11 
days (Abraham and Padmanabhan, 1968), while 3-7 days with an average of 5 days (Patil and 
Pokharkar, 1971) and 4 days in hot and rainy seasons, respectively and 4-5 days in cold season 
(Jayarathnam, 1977). Life span of male and female is 10 and 12.1 days, respectively (Patil and 
Pokharkar, 1971). Jayarathnam (1977) reported that the moth survives to 11-16 days and 
completes 13 to 14 generations per year. Harcourt (1986) reported 4 to 5 generations per year 
depending on seasonal temperature, and generation time varies from 18 to 51 days with an 
average of 25 days in July-August. 
Host plants are responsible for antibiosis that may reduce insect survival, decreased size 
or weight, reduced longevity, and reproduction in new generation adults, or they may have an 
indirect effect by increasing the exposure of the insect to its natural enemies as a result of 
prolonged developmental time (Sarfraz et al. 2007, 2010, Sayyed et al, 2008). Therefore, they 
can be effective in preventing the population of insects from reaching the economic damage 
levels (Sarfraz et al, 2006). 
Biopesticides can influence the behavior of the insects that search for use of the plant 
for their reproduction (Charleston et al., 2006). Host specificity in oligophagous herbivore is 
due to gravid females showing discrimination in their choice of plant on which to oviposit, and 
larvae only accepting the leaves of a few closely related species of plants as food 
(Thorstienson, 1953). However, when biopesticides are applied to crucifers, they have been 
shown to alter the feeding and ovipositon preferences of these specialists (Hough-Goldstein and 
Hahn, 1992, Charleston et al, 2006). Neem tree, Azadirachta indica has emerged as a single 
most important source for producing environment friendly organic pesticides. Azadirachtin 
(tetranortriterpenoid), a predominant active insecticidal component found in neem seeds and 
leaves (Butterworth and Morgan, 1968) and is the best known derivative (Broughton et al. 
1986). Azadirachtin has been effectively used against >400 species of insects, including many 
key crop pests, and has proved to be one of the most promising for integrated pest management 
(Schmutterer, 1990, Isman, 1999, Kraiss and Cullen, 2008). Azadirachtin is a strong antifeedant 
and growth disruptor to several insect species (Schmutterer and Rembold, 1980, Liang et al., 
2003, Hasan and Ansari, 2011) and neem formulations are safer to parasites and predators and 
other non target organisms (Schmutterer, 1995, Defago et al., 2011). Insect's growth 
regulations are one of the multiple fimctions provided by azadirachtin (Mordue and Blackwell, 
1993, Hasan and Ansari, 2011). 
Sublethal effects are defined as physiological or behavioral changes in individuals that 
survive after being exposed to a pesticide, either at a sublethal or lethal dose. Physiological 
effects include reductions in life span (Stark and Rangus, 1994), development rate (Cripe et al., 
2003), fertility (Liu and Trumble, 2005), fecundity (Ansari et al., 2008), changes in sex ratio 
(Couty et al., 2001). Whereas, behavioral effects include changes in feeding (Stapel et al., 
2000), olfactory learning (El Hassani et al., 2006), searching (Stark and Banks, 2003) and 
oviposition (Fujiwara et al., 2002), Sublethal effects of insecticides have also been conducted 
to discover the negative and non-lethal impacts of insecticides on various life history 
parameters that might affect population dynamics (Stark and Banks, 2003). Spinosad (LC25 and 
LC50) has significantly reduced the pupation rate, pupal weight, fecundity, egg size, and other 
reproductive parameters of P. xylostella. In consequence, the mean values of the intrinsic rate 
of increase (rm), finite rate of increase (1), gross reproductive rate (GRR) and net reproductive 
rate (Ro) are significantly decreased. The effects could even be extended to their offspring, for 
both the egg hatching and survival rate of immature stages of the next generation declined too 
(Yin e/a/., 2008). 
Temperature is an important driving force for arthropod population growth rate (Gilbert 
and Raworth, 1996). It influences the activity and seasonal population dynamics of insects and 
sets the limits of biological activities in arthropods (Huffaker et al., 1999, Roy et al., 2002). 
The rate of development of insect is temperature dependent (Lamb, 1992). As the development 
increased, development rates become proportional to temperature. The development then 
begins to slow up to a maximum the so called optimum temperature (AUsopp et al., 1991). 
Development rates then fall off sharply with further increase in temperature. Moreover, the rate 
of reproduction of insects is also dependent on temperature usually up to a critical maximum 
(Dent, 1995) and the number of offspring produced increases with temperature (Enkegaard, 
1993) but high temperature reduced fecundity. In general insect's development is extremely 
inhibited by high temperature immediately above the optimal temperature range (Denlinger and 
Yocum, 1998, Golizadeh et al., 2009a, Ahmad, 2009), while, temperature above 33°C has a 
fatal influence on egg production and larval development of P. xylostella (Shirai, 2000, Guo 
and Qin, 2010). 
The development rate in relation to temperature plays an essential role in pest 
management, especially in helping to predict the timing of development of pests and natural 
enemies in field situation (Lamb, 1992, Roy et al, 2002). It is also well known that the rate of 
development of an insect is temperature dependent and the relationship is linear above a 
threshold temperatiire (AUsopp et al, 1991) and several models have been developed to 
describe the relationship (Campbell et al, 1974, Logan et al, 1976, Schoolfield et al, 1981, 
Gilbert and Raworth, 1996, Briere et al, 1999) since linear model is widely accepted for 
calculating low temperature threshold and thermal constant (Dent and Walton, 1997, Roy et al, 
2002, Kontodimas et al, 2004). Larval survival of P. xylostella was similar between 15° and 
30°C, but appreciably lower at 32.5°C and declined to zero at 35°C (Wakisaka et al, 1992, 
Shirai, 2000, Liu et al, 2002). 
In pest management program, it is important to develop life tables for pest to identify 
key mortality factors or critical life stages or periods, which can increase understanding of the 
dynamics of an insect population and at the same time, reveal the most appropriate period for 
management (Harcourt, 1969, Southwood, 1978). Harcourt (1986) has compiled 74 life tables 
of DBM from population and mortality data during 11 year periods and showed that parasites 
reduced fecimdity are the most important factors affecting variation in intra generation survival. 
Population increases early in the season and is triggered by high female reproductive capacity 
with maximum number of eggs deposition. Most DBM larvae were killed in immature stages 
(Harcourt, 1963, 1986, Sivapragasam et ai, 1988, Wakisaka et al, 1992, Keinmeesuke et al, 
1991). Seasonal fluctuation and the action of natural enemies (Harcourt, 1963, 1986, 
Keinmeesuke et al, 1991) and precipitation (Harcourt, 1963, Sivapragasam et al, 1988, 
Talekar and Shelton, 1993) are the major mortality factors. High temperature in hot season and 
low temperature in cold may affect the survival of immature stages and reduce the adult 
fecvmdity (Talekar and Shelton, 1993, Shirai, 2000) and also survive at natural temperature 
ranging from - 2° to 42°C (Chen, 2002). Net reproductive rate and intrinsic rate of natural 
increase of a population of P. xylostella declined considerably at 33°C (Wakisaka et al, 1992). 
A higher net reproductive rate can be achieved between 29° and 31 °C as larval developmental 
periods are exfremely short at such high temperature (Wakisaka et al, 1992, Shirai, 2000). 
Insect development, survival, reproduction and life table parameters are affected by host 
plant (Liu et al, 2004, Kumar et al, 2009, Ansari et al, 2010). A shorter developmental time 
along with greater total reproduction of insects on a host indicate greater suitability of a host 
plant (Van Lanteren and Noldus, 1990). Although developmental rate and reproduction provide 
important clues concerning the ability of a host to support an insect's complete life cycle (Liu et 
ai, 2004). Demographic studies of P. xylostella have also been made on different host plants 
(Shirai, 2000, Sarfraz et al, 2007, Ahmad, 2009). Host plant quality traits are the key 
determinants of the fecundity of herbivorous insects affecting such insect reproductive 
strategies as: egg size and quality, allocation of resources to eggs, the choice of oviposition 
sites, and egg or embryo resorption. In some herbivore species, host plant quality during larval 
growth and development is a key determinant of both fecundity and fertility of adults (Awmack 
and Leather, 2002, Ahmad, 2009). 
Temperature is also a major factor affecting insecticide toxicity (DeVries and 
Georghiou, 1979, Johnson, 1990, Scott, 1995). The effect of temperature on efficacy can be 
either positive or negative. The response relationship between temperature and efficacy has 
been found to vary depending on the mode of action of an insecticide, target species, method of 
application, and quantity of insecticide ingested or contacted (Johnson, 1990). 
P. xylostella responds differently to various Brassicaceous species and cultivars within a 
species (Hamilton et al., 2005, Sarfraz et al, 2007, 2010). The Lepidopteran females showed 
significant oviposition preferences between plant species and cultivars of the same species 
(Hamilton et al. 2005, Ebrahimi et al, 2008, Nazrussalam, 2012). It is widely accepted that 
larval survival is greatly determined by the oviposition behavior of adult females, as immature 
stages have limited mobility (Renwick, 1989). Host plant resistance to oviposition and feeding 
is an important mechanism by which a plant can limit the amount of damage caused by an 
insect pest and it is an important component of integrated pest management. Its potential for 
use against P. xylostella on Brassica vegetables such as cabbage, cauliflower and broccoli. 
Among many herbivore insects, shorter development times and higher rates of reproduction of 
insects on a host indicate a greater suitability of a host plant (Awmack and Leather, 2002, 
Saeed et al., 2010). DBM oviposition was significantly greater on cabbage followed by 
cauliflower, broccoli. Kohlrabi and Indian mustard (Reddy et al., 2004, Nazrussalam, 2012). 
Contrary to this oogenesis of P. xylostella is higher with a non suitable host {Barbarea 
vulgaris) than with the suitable host (cabbage) (Badenes-Perez et al, 2004). Adults of P. 
xylostella are also attracted to volatiles emanating from their host plants (Palaniswamy et al., 
1986, Pivnick et al., 1990). Three green leaf volatiles have been found in the extract of cabbage 
and attracted mated females for oviposition (Reddy and Guerrero, 2000) and Hughes et al. 
(1997) extracted oviposition stimulant of DBM from cabbage leaves. Allyl isothiocynates, the 
hydrolysis products of mainly aliphatic glucosinolates were found as feeding attractants for 
DBM and also stimulated enhanced oviposition (Hillyer and Thorsteinson, 1969, Renwick, 
2002). While, certain glucosinolates including sinigrin and glucobrassicin and or their 
metabolites that occifr in BraSsicaceae were stimulatory to DBM for oviposition (Gupta and 
Thorsteinson, 1960, Renwick and Radke, 1990). 
Over the past several years numerous insecticides with novel mode of action have been 
developed and shovm to have high level of efficacy against P. xylostella on cabbage and 
cauliflower but insecticides are capable of rapidly killing a range of agricultural pests, over 
reliance on chemical pesticides has generated a number of problems including safety risks, 
environmental contamination, outbreak of secondary pests normally held in check by natural 
enemies, decrease in biodiversity, insecticide resistance and resurgence of minor pests (Perry et 
ai, 1998). Therefore, Isman (2006) opined that botanicals have long been tested as an attractive 
alternative to synthetic chemical insecticides for pest management because botanicals 
reportedly pose little threat to the environment or to human health. Thus, it will help to 
minimize the negative envirorunental impact and other deleterious effects caused by 
insecticides while providing a more sustainable approach to pest control, as well as to maintain 
crop quality, productivity and profitability (Pimentel et ai, 2005). Several entomopathogens 
(viruses, bacteria, fungi, and nematodes), and botanicals offer effective means of pest control 
when combined with other tactics such as mating disruption and the use of reduced-risk 
pesticides (Hedin et al., 1997, Fernando et al., 2009). In addition, microbial control agents 
(MCAs) are safe to environment, beneficial insects, applicators, and can be applied just prior to 
harvest (El-Husseini, 2005) and often compatible with other control agents and they produce 
little or no residue (Pearson and Callaway, 2005). 
Bacillus thuringiensis was recognized as a microbial insecticide (Steinhaus, 1954) and 
tested against a number of insect pests belonging to Lepidopetra, Diptera, Hymenoptera, 
Orthoptera and Coleoptera (Chandler et al, 2008) and has no adverse effect on parasitoids 
(Furlong et al., 2008). Beauveria bassiana grows naturally in soils throughout the world and 
causing white muscardine disease (Steinhaus, 1949) that shows strong pathogenicity to 
Lepidoptera, Hymenoptera, and Coleoptera (Fernandez et al, 2001). B. bassiana is a specific to 
target pests, persist in the environment and easy to mass produce and are increasingly gaining 
attention as commercial microbial insecticides (Wraight et ai, 2001). 
Despite its tremendous importance, efforts have been made to assess the effectiveness 
of biopesticides and insecticides on P. xylostella through life table method on cauliflower and 
cabbage at constant temperatures to determine the survivorship, mortality, fecundity and life 
indices so that population trends may be ascertained at a specific temperature, which is required 
in the management practices. Rate of development of P. xylostella on cauliflower and cabbage 
treated with biopesticides (neem and Bt based) and insecticides at constant temperatures was 
determined. Thermal thresholds and thermal constant were also estimated by linear regression 
equation and cubic polynomial sigmoid equation for modeling and prediction of seasonal 
phenology and abundance of P. xylostella that may contribute substantially to the selection of a 
suitable biopesticide and insecticide for its management or natural enemies to be introduced at 
different environmental conditions. Oviposition behavior of P. xylostella was also studied on 
varieties of cauliflower and cabbage under the influence of biopesticides through the no-choice 
and two-choice tests under protected conditions for two cropping seasons of 2009-10 to 
ascertain the varietal preference so that least preferred variety of cauliflower and cabbage may 
be cultivated to avoid the higher infestation of P. xylostella. Effects of biopesticides (neem, B.t. 
and B. bassiana formulations) on the management of P. xylostella on three varieties of 
cauliflower and cabbage were studied for two cropping seasons of 2009 and 2010 to understand 
the most effective biopesticide to manage P. xylostella and also determined the cost benefit 
ratio. Combined effect of biopesticides and insecticides (imidacloprid and cypermethrin) was 
also studied on the management of P. xylostella on cauliflower and cabbage to ascertain an 
appropriate combination in order to minimize the load of synthetic organic insecticides. 
Therefore, the present study may envisages the development of sustainable management 
programme for P. xylostella by cultivation of least preferred variety of cauliflower and cabbage 
and application of biopesticides thereby increasing the economy of growers and saving the 




Plate. 1- Life cycle of P. xylostella 
REVIEW OF LITERATURE 
P. xylostella (Linn.) is a cosmopolitan and oligophagous pest of cruciferous crops 
(Thorsteinson, 1953) and its outbreaks may often cause substantial losses in cabbage, 
cauliflower, Chinese cabbage, broccoli that form the staple diet for large portions of many 
countries (Shelton, 2004, Ahmad et al., 2009, Sarfraz et ah, 2006, 2011). It is distributed in 
tropical, subtropical, and temperate zones and has the ability to migrate among different 
climatic zones (Shirai, 2000, Chapman et al, 2002) because of the diversity and abundance of 
host plants, lack or distribution of its natural enemies (Rowell et al, 2005) and high 
reproduction potential with ability to rapidly increase in number and completes up to 20 
generation per year (Hui et al., 2010). In India, estimated loss is about $16 million annually in a 
cultivated area of 0.5 million ha (Mohan and Gujar, 2003). The lack of effective natural 
enemies and the destruction of natural enemies by chemical insecticides contributed to the rise 
of pest status of this insect in many regions (Ooi, 1992). Efforts have been made to develop an 
alternative to chemical control of DBM (Sarfraz et al, 2005, Ayalew, 2011). 
Development, survival, reproduction and life table parameters of P. xylostella are 
affected by host plants and temperature (Wakisaka et al., 1992, Haseeb et al., 2001, Liu et al, 
2004, Ahmad, 2009, Ansari et al, 2010). They will help to assess the relative contribution 
made by the hosts to the local adult population pool. 
Temperature is one of the most important factors that influence the development rate of 
arthropods or rate of its change because the organism requires a certain amount of heat to 
develop from one point in their life cycles to another and often expressed in unit called degree 
days (DD). It provides a valuable tool in forecasting infestation, monitoring and timing of 
insecticide application (Zalom et al. 1983). Therefore, relationship between temperature and 
rate of development is thus essential to the formulation of phenological models or studies of 
population dynamics of insects. Ko and Fang (1979) reported that P. xylostella completed 9-14 
generations per year, 1-2 percent gave rise to 9 generations and 20-30 percent to 14 
generations. The greatest overlap of generations derived from a single pair reared from October 
onwards occurred in the following September. A generation lasted only 9-10 days under the 
most favourable temperature conditions but 110 days in winter. All development stages were 
present in the field throughout the year. The average survival rates of eggs, larvae and pupae 
throughout the year were 75.6, 80.2 and 93.6%, respectively. The relationship between 
development time (Y) and temperature (X) for the egg, larval and pupal stages was shown by 
the equations Y = 1997X-2.0625, Y = 4345X-2.0258 and Y = 2427X-2.0025. P. xylostella (L.) 
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required 293 day-°C above a threshold of 7.3 °C to complete one generation (Butts and 
McEwen, 1981). 
Shirai (2000) investigated temperature tolerance in nine populations of P. xylostella 
(Linn.) from tropical and temperate regions of Asia. At all rearing temperatures between 15° 
and 35°C, no clear differences were observed in female egg production or larval development 
between tropical" and temperate populations. Thus, tropical populations did not show a high 
temperature tolerance superior to that of the temperate populations. In all populations, the net 
reproductive rate (number of new females bom per female) largely depended on the number of 
eggs laid per female, and egg production significantly decreased with increasing temperature. 
Larval developmental rate also showed a significant positive correlation with temperature. 
Percentage hatch of eggs and larval survival did not show a significant correlation with 
temperature: hatching was constant between 15° and 32.5°C, but considerably lower at 35°C. 
Larval survival was similar between 15° and 30°C, appreciably lower at 32.5°C and declined to 
0% at 35°C. 
Liu et al. (2002) determined survival and development time from egg to adult 
emergence of P. xylostella (L.) at 19 constant and 14 alternating temperature regimes from 4° 
to 40°C. P. xylostella developed successfully from egg to adult emergence at constant 
temperatures from 8° to 32°C. At temperatures from 4° to 6°C or from 34° to 40°C, partial or 
complete development of individual stages or instars was possible, with 3"* and 4* instars 
having the widest temperature limits. The insect developed successfully from egg to adult 
emergence under alternating regimes including temperatures as low as 4°C or as high as 38°C. 
The degree-day model, the logistic equation, and the Wang model were used to describe the 
relationships between temperature and development rate at both constant and alternating 
temperatures. The degree-day model described the relationships well from 10° to 30°C. The 
logistic equation and Wang model fit the data well at temperatures <32°C, but only the Wang 
model described the decline in development rate at temperatures >32°C. Under alternating 
regimes, all three models gave good simulations of development in the mid-temperature range, 
but only the logistic equation gave close simulations in the low temperature range, and none 
gave close or consistent simulations in the high temperature range. The distribution of 
development time was described satisfactorily by a Waybill function. These rates and time 
distribution fimctions provide tools for simulating population development of P. xylostella over 
a wide range of temperature conditions. 
Golizadeh et al. (2007) studied the effect of temperature on development of P. 
xylostella at 10°, 15°, 20°, 25°, 28°, 30°, 32.5° and 35°C with relative humidity of 65 percent 
and a photoperiod of 14:10 (L:D) on cauliflower, B. oleracea var. botrytis and cabbage, B. 
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oleracea var. capitate. The low temperature threshold was estimated to be 7.06° and 7.84°C 
and the thermal constant was 263.74 and 261.58 degree-days on cauliflower and cabbage, 
respectively, using the linear model. Data were fitted to various nonlinear temperature-
dependent models, and the low and high temperature thresholds, as well as the optimum 
temperature for development, has been estimated and suggested that linear and Briere-2 models 
are suitable for the description of temperature-dependent development of P. xylostella on two 
host plants. Golizadeh et al. (2009a) studied the life table parameters of P. xylostella at 10°, 
15°, 20°, 25°, 28°, 30°, and 35°C on cauliflower, B. oleracea var. botrytis and cabbage, B. 
oleracea var. capitata. The survival at immatvire stages varied from 53.0 to 84.1% on 
cauliflower and from 58.3 to 86.2% on cabbage at 10°-30°C. P. xylostella did not survive at 
35°C. The female adult longevity ranged from 12.9 days at 30°C to 30.4 days at 10°C on 
cauliflower and 9.7 days at 30°C to 40.0 days at 15°C on cabbage. The net reproductive rate 
(Ro) increased with increasing temperature, while generation time (T) decreased. This caused 
the intrinsic rate of increase (rm) to increase from 0.038 to 0.340 on cauliflower and 0.033 to 
0.315 on cabbage from 10 to 28°C. The significant decrease in Ro caused a decrease in rm at 
30°C. The Tm values on cauliflower were significantly higher than cabbage at 15°, 20°, 28° and 
30°C. 
Stark and Wennergren (1995) proposed demographic toxicological analysis that 
incorporates life table parameters in context of toxicology. It is a process that allows one to 
compare life table parameters for unexposed populations with those populations exposed to 
various concentrations of a toxicant. Therefore, it is an appropriate approach that takes into 
account all the biological parameter effects that a toxicant might have at the levels of 
organization higher than the individual (Stark et al, 1997, 1998, 2004). Life table response 
experiments (LTRE's) are being increased to measure multiple endpoints of effects and 
have been recommended as a superior laboratory toxicological endpoint (Stark et al, 1997). 
Estimation of toxicant effects on populations is complicated by the fact that exposures can 
result in a part of population dying while surviving individuals may be impaired (Stark and 
Wennergren, 1995). Furthermore, some species can withstand high level of mortality and 
recover quickly because they have high population growth rate, short generation times, early 
onset of reproductive activity or a combinations of these attributes, other species may become 
extinct after exposure to a toxicant at a concentration that does not kill all individuals because 
sublethal effects severely impact individuals (Stark et al, 2007). In addition to death and 
reduced fecundity, exposure to a toxicant may result in simultaneous manifestation of multiple 
sublethal effects such as shortened life span, mutations in offspring, weight loss, and changes in 
fertility rates, behaviour, pre-oviposition time, developmental rates, and sex ratio (Stark and 
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Banks, 2003, Stark et al, 2004, Femandes et al., 2010). Few studies have been published on 
the use of demography and similar measures of population growth rate for evaluating the effect 
of pesticides on insects (Stark et al, 1997, Stark and Banks, 2003, Rezaei et al, 2007). 
Fujiwara et al (2002) studied fecundity and egg size of diamondback moth treated with 
sublethal doses of fenvalerate in order to understand the physiological significance of 
insecticidal hormoligosis. The 4"' stadium was treated with fenvalerate at LD25 or LD50. More 
eggs were laid by treated females at LD25 than untreated females, although the difference was 
only marginally significant (P=0.07). However, the eggs laid by treated females at LD25 and 
LD50 were significantly smaller in size than those laid by the control. The reproductive effort 
(fecundity/egg size) did not differ between treated females and the control. The treatment of 
LD50 against the parent affected the development and survival of offspring at immature stages 
of males. The hatchability of smaller eggs laid by treated females at LD25 tended to be lower 
than those of controls under different humidity conditions, and the difference was apparent at a 
humidity of 29%. The survival rate of the offspring at immature stages was lower in LD25 group 
than to the control group, and development tended to be prolonged in the former group at 
temperatures higher than 20°C. 
Ansari et al (2008) determined the total effect of imidacloprid on development of P. 
xylostella. LC50 of imidacloprid on 3 '^' instars was ascertained and fed on cauliflower leaves 
impregnated with 0.002% of imidacloprid. Life table was constructed on the surviving adults. 
The net reproductive rate (Ro) of surviving adult was 8.47females/female in comparison to 
10.99 in the untreated control. The potential fecundity (Pf) was significantly decreased to 166.5, 
whereas intrinsic rate of increase (rm) was 0.073females/female/day as compared to 0.09 in the 
untreated control. Mean length of generation (Tc) and corrected generation time ( T ) was 
prolonged to 28.90 and 29.26 days, respectively. While doubling time (DT) was increased to 
9.49 days in comparison to 7.7 days in the untreated control. 
Yin et al (2008) tested the effects of LC25 and LC50 of spinosad on the biological 
characteristics of P. xylostella. The pupation rate and pupal weight were significantly lower in 
treated groups in which 3"* instars were treated with spinosad at LC25 or LC50 than in the 
control group. The fecundity, egg size and reproductive effort (fecundity/egg size) were 
strongly reduced, and the hatchability of smaller eggs tended to be lower in treated groups. The 
survival rate of the offspring at immature stages was lower in the LC25 and LC50 treatment 
groups than in the control group, and the development time tended to be prolonged in the 
treatment groups. The mean values of the intrinsic rate of increase (rm), finite rate of increase 
(1), gross reproductive rate (GRR) and net reproductive rate (Ro) were significantly lower in the 
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treatment groups than in the untreated group. Generally, the effects on biological characteristics 
were greater in the LC50 treatment group, and the effects on the offspring were much smaller 
than those on the parent generation. 
Hui et al. (2010) tested fenvalerate (20% EC) to 3"^  instars of P. xylostella reared on 
radish, oilseed rape and cabbage. The LC50 values of fenvalerate to the 3)^^ instars varied with 
host plants, however, there wasn't any significant difference among them (P>0.05). Similarly, 
DBM fed on three host plants had same pupal weight, pupal period, pupation rate, adult 
emergence rate, female ratio, and fecundity. Mahmoudvand et al. (201 la) examined the effects 
of sublethal concentrations of indoxacarb on P. xylostella. Sublethal concentrations led to a 
significant decrease in adult emergence, the percentage of pupation and pupal weight of the 
parent generation, fecundity, and adult longevity as compared with the control. They also 
significantly decreased the net reproductive rate (Ro), intrinsic rate of increase (rm), finite rate 
of increase (X), and gross reproduction rate (GRR), and had significantly increased egg 
developmental time and doubling time (DT). However, sublethal concentrations of indoxacarb 
had no significant affect on adult emergence, percentage of pupation, larva, prepupa and pupa 
developmental periods, hatchability, and sex ratio of offspring. 
Mahmoudvand et al. (2011b) studied on the effects of hexaflumuron at LCio and LC25 
on development and reproduction parameters of P. xylostella (Linnaeus, 1753). Estimated 
LC50, LCio and LC25 values of leaf dip bioassay of hexaflumuron on 3^** instars of P. xylostella 
were 1.48, 0.59 and 0.91mg/L, respectively. Hexaflumuron decreased the pupal weight in the 
parent generation but in the offspring generation, this effect was not observed. Sublethal 
concentrations increased the egg, 1*' and 2"'' instars and pupal developmental time and 
shortened life span of adults, but did not change the 3'^ '' and 4"^  instars and pre-pupal 
developmental period. Also fecundity of females reduced significantly but hatchability of 
treatments and control were similar. Survival rate of pre-adult stages declined significantly at 
LC25. Reproduction parameters such as reproductive rate (Ro) and intrinsic rate of increase 
were significantly lower in treated compared with the control, but gross reproduction rate 
(GRR) at LCio was increased. It also significantly increased the doubling time (DT). 
Mahmoudvand et al. (2011c) determined the influence of LCio and LC25 of hexaflumuron on 
life expectancy (Cx), stable age distribution (Cx), age-specific fertility (mx) and number of 
fertile eggs per day. Hexaflumuron decreased the life expectancy (ex), age-specific fertility 
(mx) and number of fertile eggs per day of P. xylostella. Stable age distribution (Cx) of 
population in next generation was changed and the rate of adults was increased in the treated 
groups as compared to control. 
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Ahmad et al (2012a) evaluated the effect of Neemazal, Neemix and Neemexcel on 
biological parameters; pupal weight and nutritional indices of P. xylostella on cauliflower. The 
concentrations tested were 5, 10, 15 and 20 ppm of active ingredient. 15 and 20 ppm have 
significantly affected the biological parameters when compared with 5 and 10 ppm and the 
non-treated control. Development time was concentration dependent. It significantly prolonged 
the development time at a higher concentration than to lower and non-treated control. 
Neemazal significantly affected the biological parameters and reduced the weight of pupa at 15 
and 20 ppm due to reduced consumption and utilization of food. However, no significant 
difference was detected between these two concentrations i.e.l5 and 20 ppm of Neemazal. 
Ahmad et al. (2012b) studied the effects of neemarin at 5, 10, 15 and 20 mg 1"' on the 
life table indices of P. xylostella (L.) on cauliflower. Survivorship was increased with 
increasing concentrations. A total of 69% eggs hatched at 20 mg 1"' compared to 85% in the 
control. Mortality (dx) of l**' instars was higher than the other instars in both exposed and 
unexposed individuals. Life expectancy (Cx) was high in the untreated control and reduced at 20 
mg r ' . Development times of immature were prolonged to 32 days at 20 mg 1"' as compared to 
18.6 days in the untreated control. Neemarin significantly reduced the emergence of adults. 
Potential fecundity (Pf) was 34 females/female/generation at 20 mg 1'' and 92 in the control. 
The net reproductive rate (Ro) was significantly reduced with the increase in concentration. The 
intrinsic rate of increase (rm) and finite rate of increase (A,) were significantly decreased at 20 
mg r ' as compared to other concentrations tested and in the control. Mean generation time (Tc) 
and corrected generation time (x) were prolonged at 20 mg 1'' and significantly differed to those 
of the untreated control. Doubling time (DT) was significantly extended to 28.4 days at 20 mg 
r ' as compared to 6.1 days in the control. 
Temperature is also a major factor affecting insecticide toxicity (DeVries and Georgiou, 
1979, Johnson, 1990, Scott, 1995). The effects of temperature on efficacy can be either positive 
or negative. The response relationship between temperature and efficacy has been found to vary 
depending on the mode of action of an insecticide, target species, method of application, and 
quantity of insecticide ingested or contacted (Johnson 1990, Amarasekare and Edelson, 2004). 
Sayyed et al. (2005) investigated fluctuations in susceptibility to insecticides on natural 
populations of P. xylostella which were collected from the same field in late summer, mid-
winter and early spring. After bulking up for a generation in the laboratory, the populations 
were examined against pyrethroids and organophosphates as well as newer insecticides 
(spinosad, indoxacarb and emamectin). Each population showed a broad range of variation in 
susceptibility to all chemicals. Comparison between populations collected in different times of 
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years in 2003 and 2004 showed variation in susceptibility to organophosphates and pyrethroids. 
In winter, susceptibility to organophosphates increased, whereas it decreased in relation to 
pyrethroids. However, susceptibility to the newer insecticides was unchanged within the 
season. 
Liu et al. (2008) studies the effects of high temperature on insecticide susceptibility and 
fitness in the field population of P. xylostella (R DBM) and a susceptible field-insectarium 
population (S DBM). R DBM displayed 18.3-fold resistance to methamidophos and 74.0-fold 
resistance to avermectin. The population growth tendency index (I) values were 41.8 (S DBM) 
and 27.7 (R DBM) at 25°C, and 1.19 (S DBM) and 0.23 (R DBM) at 33.5°C. The level of 
methamidophos resistance in the progenies of R DBM declined sharply when reared at high 
temperature for one generation. The increase of susceptibility to methamidophos appeared to 
pass from generation to generation. S DBM displayed higher up-regulation of Hsp70 
expression at high temperature than R DBM. 
Zhuang et al. (2010) investigated the effects of high temperature on biological fitness 
and evolution of insecticide resistance, the life-table parameters and susceptibility to 
avermectin in the progenies of insecticide-resistant and susceptible populations of P. xylostella. 
Resistant and susceptible populations both displayed significantly lower developmental 
duration (D), net reproduction rate (Ro), innate rate of increase (rm), finite rate of increase (K), 
total fecundity number, average longevity of female adult, daily fecundity number and 
hatchability at 33.5°C as compared to those at 25°C. There were no significant differences in rm, 
X, D and daily fecundity number between the resistant population and the susceptible 
population, although Ro of the resistant population was slightly lower than that of the 
susceptible population at 25°C (87% of the susceptible population). However, compared to the 
susceptible population, the resistant population had significantly lower Ro (75% of the 
susceptible population), rm (64% of the susceptible population), average longevity of female, 
total fecundity number and hatchability at 33.5°C. Avermectin resistance declined greatly in the 
progenies of resistant population after the insects were reared at 33.5°C for one generation. 
However, no great decrease of avermectin resistance was found in the progenies of susceptible 
population under the same treatment condition. 
Harcourt (1986) compiled 74 life tables of P. xylostella on cabbage from population and 
mortality data during 11-years period from 1960-70. The result showed that there were 4 
generations a year in 7 of the 11 years and 5 generations in the remaining 4 years. The 
population increased early in the season peaked in generations 3 or 4 and then declined. 
Rainfall, parasites and reduced fecundity limited intrageneration survival. The major parasites 
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were ichneumonids: Diadegma insulate and D. subtilicornis and the braconid, Maculipenis 
plutellae. D. insulare was the most abundant and predominant among the species. 
Life table of P. xylostella was constructed by Syed and Abro (2003) on Brassica 
vegetables; B. oleracea botrytis, B. o. capitata, B. o. Italica, B. napus, B. campestris, B. 
chinensis perkensis and Raphanus sativus. The shortest and longest larval period of 9.45 and 
10.95 days were recorded on B. o. botrytis and k. sativus, respectively. Percent larvae pupating 
did not differ significantly. Lowest and highest percent survival to adult stage was 58.3 and 
76.7 percent on B. napus and B. o. Italica. Whereas, the shortest and longest pupal period was 
6.48 and 5.84 days on B. napus and B. o. capitata, respectively fed larvae. Highest pupal mass 
and fecundity was on B. oleracea fed larvae as compared to other Brassica tested. Similarly, 
females preferred to lay more eggs on B. o. botrytis as compared with other hosts. Females 
preferred to lay eggs on lower side as compared to upper side of the leaves. Net reproductive 
rate (Ro) was highest (89.71) when P. xylostella fed on B. o. botrytis, while the lowest of 26.77 
on B. napus. The intrinsic rate of increase (rm) and finite rate of increase (k) were highest and 
lowest on B. o. botrytis and B. campestris, respectively. 
Golizadeh et al. (2009b) studied the development, survival, and reproduction of P. 
xylostella at 25±1°C, 65±5% on cauliflower (B. oleracea L. var. botrytis), two varieties of 
cabbage {B. oleracea L. var. capitata) namely 'Globe Master' and 'Scarlet Ohara', kohlrabi (B. 
oleracea L. var. gongylodes), and canola {B. napus L.). DBM larvae successfully survived on 
all host plants, although survival rate was lowest on canola (70.56%). The developmental time 
of immature stages ranged fi-om 13.76±0.15 days on kohlrabi to 15.06±0.22 days on canola. 
The reproduction period and adult longevity were longest on cauliflower and common cabbage 
cultivar 'Globe Master' without any supplemental food while the highest fecundity was also 
observed on these two host plants. The highest and lowest net reproductive rates were detected 
on cabbage cultivars, 'Globe Master' and 'Scarlet Ohara', respectively. Mean generation time 
was the longest on cabbage cuhivar 'Globe Master'. The respective descending order of 
intrinsic rates of population increase was on cauliflower, cabbage cultivar 'Globe Master', 
kohlrabi, cabbage cultivar 'Scarlet Ohara' and canola. Cauliflower and cabbage cultivar 'Globe 
Master' were recognized as the most suitable host plants for DBM. 
Ansari et al. (2010) reported that larval survival of P. xylostella was found to be highest 
on cabbage (control) as compared with Indian mustard and was found to vary with host plants 
and temperature. The larval survival decreased to 11.29% on Pusa Bahar at 10°C. Increasing 
the temperature fi-om 10°C to 20°C, larval mortality was more on Varuna than Pusa Bahar and 
Pusa Bold. Developmental period was prolonged on Pusa Bold at 10°C while it was shortest on 
cabbage at 25°C. A total of 536.47 degree days were required to complete the development by 
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immature stages on Varuna at 25°C and 421.64 degree days on cabbage. Saeed et al. (2010) 
also reported the developmental time from eggs to adult eclosion was the shortest (10 days) on 
canola and the longest (13 days) on turnip. Oviposition period was longer (9 days) on turnip 
and radish but 6 days on cabbage. Fecundity was greatest on canola (350) followed by 
cauliflower (268 eggs) by females eclosed from the pupae reared on canola and cauliflower, 
respectively, while the minimimi numbers of eggs (184) were observed on cabbage. The 
mmiber of eggs hatched was the highest (80%) when larvae fed on cauliflower. Survival to the 
adult stage was the highest (94%) on mustard followed by cauliflower and lowest (64%) on 
turnip. The net replacement rate was lowest for populations reared on cabbage (32.3), which 
was also reflected by the lowest intrinsic rate of population increase (0.20). The correlation 
between the intrinsic rate of population increase (rm) and the mean relative growth rate was 
significant. Canola and mustard proved to be the most suitable hosts for P. xylostella because 
of shorter developmental period, higher percentage of survival and higher number of eggs. 
It is thought that oviposition of P. xylostella is mediated by several sensory modalities 
including vision, chemo and mechanoreceptors. Consequently, the involvement of 
glucosinolates in host recognition has been suggested by several studies (Gupta and 
Thorsteinson, 1960, Reed et al, 1989, Renwick and Radke, 1990). Uematsu and Sakanoshita 
(1989) suggested that cabbage leaves are basically attractive to ovipositing females of P. 
xylostella, however, the wax bloom on leaves suppresses oviposition and decreases the 
adhesiveness of eggs. Talekar et al. (1994) observed that females of P. xylostella lay eggs 
mainly on cabbage plant outer leaves. On outer leaves, eggs were laid mainly on the upper leaf 
surface: on inner leaves they were laid on the lower leaf surface. Egg density decreased from 
outer to inner leaves. Within a range of 1-11 trichomes/9mm^ leaf areas, the number of eggs 
laid on Chinese cabbage leaves increased with trichome density. Most oviposition activity took 
place within two hours after sunset this period coincides with maximum mating related flying 
activity. During daylight hours when the plutellid does not normally lay eggs initiation of 
darkness stimulated oviposition. However, during the night when the pest normally lays eggs 
artificial light did not reduce oviposition activity. 
Reddy et al. (2004) studied host plant-mediated orientation and oviposition by P. 
xylostella (L.) and its predator, Chrysoperla carnea (Stephens) in response to Brassica host 
plants: cabbage, {B. oleracea L. subsp. capitata), cauliflower {B. oleracea L. subsp. botrytis), 
kohl rabi (5. oleracea L. subsp. gongylodes) and broccoli {B. oleracea L. subsp. Italica). 
Results indicated that orientation of female DBM and C. carnea female towards cabbage and 
cauliflower was significantly greater than broccoli or kohlrabi plants. In no-choice tests, 
oviposition by DBM did not differ significantly among the test plants, however, in free-choice 
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tests, oviposition by DBM was significantly greater on cabbage followed by cauliflower, 
broccoli and kohlrabi. However, Hamilton et al. (2005) found no difference in the number of 
eggs laid by P. xylostella on various cultivars of broccoli or cauliflower but significantly more 
eggs were laid on Savoy King (cabbage) than any of the other cabbage cultivars tested. Larvae 
developed more rapidly and fed more and for longer on Green Coronet than Savoy King. Thus, 
Savoy King is more attractive to oviposition in the field; however, females deposited more eggs 
on the stem near the soil-stem interface than on leaves (Sarfi-az et al, 2005) and suggested that 
DBM is capable of developing behavioral resistance through oviposition site selection to avoid 
lethal doses of foliar applied insecticides in the field. Ahmad (2009) studied the oviposition of 
P. xylostella on cultivars of B. j'uncea (Kranti,Pusa Bahar, Pusa Bold, RH-30, Rohni, Vardan 
and Vanma) and B. napus (GSL-1, GSL-2 and Neelam). The resuh showed that females 
preferred to lay eggs on B. napus as compared to B. juncea. The maximum number of eggs was 
recorded on GSL-2 where the surface of leaf was hairy and glossy and minimum on RH-30. It 
was reported by Ahmad (2009) that P. xylostella preferred to lay eggs on cauliflower than that 
of cabbage followed by broccoli and radish. Nazrussalam (2012) studied the oviposition 
behaviour on six varieties of cabbage and three varieties of Indian mustard. Females 
significantly preferred to oviposition on cabbage as compared to Indian mustard in both choice 
and no-choice tests, while Diamond Express of cabbage was more preferred than that of 
Hybrid-1080, Golden Acre, F-1 Deepti and Fieldman. 
Insecticide application against the larval stage is the primary method of control of P. 
xylostella, but high tolerance to most of insecticides and associated environmental problems 
may jeopardize their continued use that may result in outbreaks of pest by destruction of their 
natural enemies (Kfir, 2002, Xu et al, 2004). These drawbacks of synthetic insecticides have 
increased the interest of consumers and grower's in natural insecticides originated from plants 
and their usage has increased in recent years. Botanical products are useful and desirable tools 
in most pest management programmes because they can be effective and often non toxic to 
natural enemies and low environmental impact (Schmutterer, 1990, 1995, Haseeb et al., 2004, 
Xu era/., 2004). 
Liang et al. (2003) tested Agroneem , Ecozin , and Neemix for oviposition 
deterrence, antifeedant effect to larvae, and toxicity to eggs of P. xylostella. All of them did not 
exhibit significant oviposition deterrence on P. xylostella. When cabbage leaves were used as 
an egg-laying substrate, numbers of eggs oviposited by P. xylostella adults on the cabbage 
leaves treated with the three neem-based insecticides were not significantly different ft-om those 
treated with water. When eggs were treated with Agroneem, Ecozin and Neemix, 61.6, 66.2, 
and 75.2% of P. xylostella eggs developed to neonates, respectively, although the larval 
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hatching rates in the treatment of Neemix were not significantly different from that in water 
control (81.2%). All larvae of P. xylostella fed on the leaves treated with neem insecticides died 
on or before day 7 compared with 70-74% larvae surviving to adults in the water control. They 
also exhibited a significant antifeedant effect, and the larvae on treated leaves quickly stopped 
feeding and dropped off treated leaves, resulting in no or minimal damage on the treated 
cabbage leaves. The larvae that fed on neem treated leaves were significantly smaller (0.012-
0.016 mg/larva, 13.5-14.8mm in length, and 2.0-2.5mm in diameter) compared with those fed 
on water-treated leaves (0.058 mg/larva, 30.2mm in length, and 4.8mm in diameter). 
Charleston et al. (2005) studied the effect of the extracts of syringa tree, M. azedarach 
and neem tree, A. indica on the oviposition behaviour of P. xylostella. In laboratory and 
glasshouse trials, significantly fewer eggs were oviposited on the plants that had been treated 
with syringa extracts. Therefore, syringa extract appears to have a repellent effect. In contrast, 
when exposed to the neem extract the moths did not discriminate between control and treated 
plants. Behavioural observation mdicated that despite the lower number of eggs lay on cabbage 
treated with syringa extract; the moths chose cabbage treated with the highest dose of syringa 
more often than they chose control cabbage plants. Similar observations were found in cabbage 
plants treated with neem; moths chose the medium dose more often than they chose the control. 
Oviposition and feeding deterrent properties are important factors in pest control, and results 
from this study indicated that botanical insecticides have the potential to be incorporated into 
control programmes for P. xylostella. 
Liu and Liu (2005) reported the varying effects of two lots of the same commercial 
neem formulation, Neemix 4.5 on P. xylostella. They found that one lot had stronger adverse 
effect on the development and svirvival of P. xylostella larvae but little repellent effect on the 
adults, whereas, the other lot had a weaker effect on the larvae but a substantial repellent effect 
on the adults and females oviposited less number of eggs than to other pack. 
Hasan and Ansari (2011) evaluated four neem-based insecticides, Neemix @ 20mg 
azadirachtin/liter, Ecozin @ 20mg azadirachtin/liter, Agroneem @ 4.8mg azadirachtin/liter and 
Neem oil @ 20mg azadirachtin/liter and a non-commercial neem leaf powder for oviposition 
deterrence, antifeedant effect to larvae and toxicity to eggs and larvae of P. brassicae (Linn.) 
on cabbage leaves. The concentrations tested were within the ranges of recommended field 
rates. Oviposition deterrence in no-choice, two-choice and six-choice assays were observed for 
all the treatments. They exhibited significant (P<0.01) oviposition deterrence on P. brassicae 
when compared wdth a non-treated control. Cabbage leaves treated with the neem-based 
insecticides were used as an egg-laying substrate. Numbers of eggs oviposited by P. brassicae 
adults on treated cabbage leaves were significantly lower than those treated with water, but no 
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significant differences were detected among the neem insecticides. They also deterred feeding 
by larvae and exhibited significant antifeedant effects. Larvae that provided treated leaves 
stopped feeding and dropped from the leaf, resulting in no or minimal damage. Direct contact 
with neem-based insecticides decreased the survival of eggs. Survival of larvae fed for 9 days 
on leaves treated with neem-based insecticides was reduced to 51, 49, 48, 24 and 18 in the 
Neem oil, Neemix, Agroneem, Ecozin and neem leaf powder treatments, respectively. 
Microbial insecticides based on B. thuringiensis (Bt) has been used for a number of 
decades for the control of pest insects on a wide range of crops (Schuler et al., 2004) without 
negative effects on parasitoids (Glare and O'Callaghan, 2000, Furlong e/ al, 2008). It is 
regarded as novel insecticide with a wide host range particularly against lepidopterous pests 
(Bravo et al, 2005, Eswarapriya et al., 2010). 
Ayalew (2006) assessed the effect of B. thuringiensis (Bt) var. kurstaki and X-
cyhalothrin at different growth stages. Yields were increased by 36.1 and 49.4% in the first 
season (November planting) and 85.2 and 91.2% in the second season (April planting) using Bt 
and X-cyhalothrin, respectively. These yield losses equate to 12 and 20.7 tons/ha in the first 
season and 27 and 48.7 tons/ha, respectively in the second season. The pre-heading stage was 
observed to be the critical period of DBM infestation suggesting the need to protect the crop 
during this growth stage until threshold data are available for use in DBM management. Oke 
(2008) evaluated lufenuron, B. thuringiensis, and teflubenzuron against P. xylostella on 
cabbage. Of the three tested insecticides teflubenzuron was found to be most effective followed 
by lufenuron and B. thuringiensis. Ranjbari et al. (2011) evaluated the toxicity of B. 
thuringiensis to the larvae of P. xylostella (L.). In this study 1 '^, 2"**, V^ and 4"^  instars were 
exposed to concentrations ofB. thuringiensis and exposure times were 24, 48 and 72 h for oral 
trials. Experiments were performed in complete randomized block design with four 
replications. After treatment the samples were held under constant conditions in laboratory 
rearing room (25±2°C, 50±5% RH and 14 and 10 hr L:D). The maximum mortality rate for l", 
2"'', 3'" and 4^ ^ instars larvae in 90, 140, 200 and 250 ppm of Bt was achieved to 98.33, 97.67, 
96.67 and 90% after 72 hr, respectively. 
B. bassiana is specific to target pests, persist in the environment and easy to mass 
produce and are increasingly gaining attention as commercial microbial pesticides (Ibrahim and 
Low, 1993, Wraight et al., 2001). Foliar application of B. bassiana (Daman) lOg/1 and 5g/l 
significantly reduced larval population of P. xylostella by recording only 0.37 and 0.75 larvae 
per plant, respectively and maximum yield of 134.63 and 130.63 kg per 20 sq. m., respectively 
(Nath, 2001). Ghosh et al., (2007) evaluated Myco-jaal, oil based commercial formulation ofB. 
bassiana under farmer's field condition. Application of Myco-jaal (@2ml/liter) was found to 
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reduce DBM population by 55.10% over control up to 25 days after treatment which was on 
par with indoxacarb (60.00%), It is with indoxacarb (62.63%) and farmer's practices (61.62%), 
using a combination of different chemicals to prevent the development of resistance in DBM 
population. However, the highest yield was recorded in the treatment involving combined 
application of Myco-Jaal and indoxicarb-14.5% SC with an increase of 6.8t^a over control. 
This was followed by indoxicarb-14.5% SC (54.88t/ha), farmer's practice (54.40t/ha), Myco-
Jaal (52.57t/ha) and control (48.96t/ha). The yield increase over control in Myco-Jaal treatment 
was 3.6t/ha. However, the highest cost: benefit ratio was obtained with Myco-Jaal 5.41, 
followed by Myco-jaal in combination with indoxacarb (4.23), indoxacarb (3.84) and farmers' 
practice (2.60). Although, indoxacarb was found to be the most effective insecticide against 
DBM in the present studies, Myco-Jaal was found to be superior based on cost benefit analysis, 
indicating the potential of this biopesticide as an eco-fiiendly alternative in managing DBM. 
Waiganjo et al. (2011) evaluated the effect of 5. bassiana Ix lO^cfti/gram (Biopower®) 
and neem (A. indica Juss) oil extracts, azadirachtin 0.15%w/w (Achook®) and azadirachtin 
0.03%w/w (Nimbecidine®) against P. xylostella and B. brassicae L., and M persicae (Kalt) 
and L. erysimi (Sulz) in cabbage. The treatments included three different rates of the 
entomopathogenic ftmgus, two neem products and the untreated control. Pest infestations 
showed a significant (P<0.05) reduction of aphids and diamondback moth during the first and 
second cabbage crop season when the biopesticides were applied either at the higher or 
recommended rates. However, during the third crop season all the biopesticides treatments 
significantly reduced pest infestation. There was an increase in marketable weight of cabbage 
in all the bio-pesticide treatments over the control. Natural enemies were recorded in all the 
treatment plots. These included predators (ladybird beetles, syrphid flies, spiders) and parasitic 
wasps, Diaeretiella rapae and D. semiclausum. 
Kumar e( al. (2007) conducted an experiment during the spring season to evaluate the 
efficacy of seven insecticides, viz. azadirachtin, btk, cartap hydrochloride, spinosad, 
imidacloprid, p-cyfluthrin and endosulfan against P. xylostella infesting cabbage cv. Golden 
acre. All the treatments were recorded significantly superior over the control in reducing the 
DBM population. Imidacloprid (0.01%) was recorded the most effective by reducing the 
maximum larval population at each observational interval during first and second spray with 
the highest marketable yield (228.35 q/ha). Subsequently cartap hydrochloride (0.05%) caused 
58.8 to 60.1% reduction in larval population within 14 days of first and second spray. The 
treatment p-cyfluthrin (500ml/ha) was recorded effective and economical with a maximum cost 
benefit ratio of (1:20.02). Satpathy et al. (2007) evaluated the bioefficacy of a new molecule, 
spinosad, along with recommended insecticides and B.t. formulation agaiq^JDBM infesting 
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cabbage. The treatments comprised of spinosad, spynosyns A and B (Tracer 2.5 SC) at 15, 17.5 
and 20g a.i., cypermethrin (Bilcyp) at 50g a.i., quinalphos (Ekalux) at 250g a.i., chlorpyriphos 
(Dursban) at 400g and 500g a.i., B.t. (Biobit) at 500g a.i. and the untreated control. Two sprays 
of each treatment were applied after attainment of economic threshold level (2-3 DBM larvae 
per plant). The lowest number of larval population (1.6/plant) was recorded 3 days after the 
first treatment in spinosad (20g a.i.\ treated plot being at par with other spinosad and B.t. 
treatments. Spinosad treatment even at 15g a.i. was also recorded superior by the larval 
population during different pest-treatment periods in controlling DBM larvae. The persistency 
of this insecticide was found 10 days after treatment on the basis of larval infestation. 
Singh et al. (2008) studied on B.t.k. formulations viz. delfin, dipel, halt, biobit, biolep, 
bioasp, botanical insecticide, neemgold, nematode {Steinernema feltiae), green commandos and 
endosulfan insecticide were evaluated against lepidopterous pests of cabbage. Delfin was very 
effective in reducing the population of P. xylostella{Sl.\%). Dipel was equally effective 
against these pests and recorded 67.4 and 56.2% reduction, respectively. Endosulfan proved to 
be effective against S.litura, which recorded 55.4% reduction. All the insecticides were found 
to be safe and did not show any adverse effect on coccinellid population. 
Mehrajuddin-Mir et al. (2010) carried out field efficacy of B. thuringiensis in 
comparison to chemical insecticides against P. xylostella, in cauliflower field. Formulations 
of B.t. (viz., Halt WP, Bioasp WP, Delfin WG and Delfin @ 0.5 kg/ha) and chemical 
insecticides (trizophos and malathion @ 800 ml/ha) were applied. It is revealed that 3^ '' day of 
first spray, all the treatments increased their efficacy for larval mortality. Trizophos resulted in 
maximum mortality (91%) followed by malathion (64%) and Halt WP (45%). The data of 
mortality generated after 5 days of first spray revealed that Halt WP had minimum (63%) larval 
mortality which was at par wdth malathion (63%). Although, trizophos had maximum of 91% 
larval mortality followed by Delfin WG (79%) and Bioasp WP (78%) being at par with each 
other. After seven days of first spray, absolute mortality was observed with treatment of 
trizophos, Halt WP (87%), Delfin WG (95%), Delfm OF (94%) and Bioasp WP (94%). Similar 
trend was observed in the second spray after 1, 3, 5 and 7 days after treatment. Nazrussalam 
(2012) reported that neemazal was significantly the best treatment followed by neemexcel and 
cartap hydrochloride against P. xylostella on cabbage and also gave the highest benefit cost 
ratio as compared to other treatments. Application of NSKE was found safer to parasites of P. 
xylostella. 
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MATERIALS AND METHODS 
1.1. Rearing of Plutella xylostella: 
The larvae and pupae of diamondback moth, Plutella xylostella (Linn.) (Lepidoptera: 
Yponomeutidae) were collected jfrom cauliflower and cabbage cultivated fields at Aligarh 
district. Collected samples were kept in glass jars (20x10cm) and provided fresh cauliflower 
and cabbage leaves and then covered with muslin cloth tightly fixed by rubber band. They were 
maintained at 25±2°C and 70-75 percent relative humidity with a photoperiod of 10:14 (L:D). 
Cauliflower and cabbage was also cultivated at experimental field of the Department of Plant 
Protection, Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh, India for 
fresh supply of food for mass culture. Leaves were changed daily in order to maintain hygienic 
condition. Pupae were sorted out careftilly from the jars (20x10cm) and transferred to another 
for emergence. Emerged adults were separated and kept in separate jars they were provided 
10% honey solution soaked in an absorbent cotton swab for feeding, while cauliflower and 
cabbage leaves were placed for egg laying. Freshness of leaf was maintained by wrapping 
moist soil on the petiole and covered over by aluminium foil (Plate-2). Female moth lays 
creamy-vdiite eggs on the leaves. Leaves bearing eggs were removed and kept in another jar for 
hatching. Neonate larvae mine into leaves. 2"** instars came out from mines and started feeding 
on the leaf surface that changed into 3'** and 4"' instars and provided fresh tender leaves daily 
till pupation. Thus, the culture of DBM was multiplied and maintained during the entire 
experimental period. 
2.1. Effect of biopesticides and insecticide on life table and development of P. xylostella on 
cauliflower and cabbage at constant temperatures: 
2.1. Raising the nursery of cauliflower and cabbage: 
Standard agronomic practices were carried out for raising the seedling of cauliflower 
and cabbage varieties. Before sowing farm yard manure (FYM) was broadcasted and mixed 
with soil and irrigation was done as required. Seeds of cauliflower, {B. oleracea botrytis) var. 
Pusi and cabbage {B. oleracea capitata) var. Golden Acre were sown on 1^ ' October and 1^ ' 
November of 2008 and 2009, respectively. Leaves of 30-days old plants of above mentioned 
varieties were used in the life table study. 
2.2. Preparation of biopesticide concentrations: 
Commercial formulations i.e. Neemazal F® (5000 ppm azadirachtin) and Biolep® WP 
were obtained from BID Parry India Ltd. Kolkata and India, M/S Biotech International Ltd., 
New Delhi, India, respectively. Four concentrations viz. 5, 10, 15 and 20 ppm of the above 
neem and Bt formulations were prepared separately with the help of micropipette, measuring 
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cylinder and electronic balance. The solution was made by slowly adding the material in 100 
ml of distilled water stirring consistently for 30 minutes at room temperature. Distilled water 
was used as a control. 
2.3. Bioassay: 
Leaf discs (2.5cm) of cauliflower, B. o. botrytis var. Pusi and cabbage, B. o. capitata 
var. Golden Acre were impregnated in four concentrations i.e. 5, 10, 15 and 20 ppm of 
neemazal-F and biolep for 2 minutes and air dried at room temperature for 30 min. For control 
experiment, leaf discs (2.5cm) of cauliflower and cabbage were also dipped into distilled water. 
Impregnated leaf discs were then kept into plastic jars (200ml) and five newly moulted 3"* 
instars were taken firom the stock culture and released into each plastic jar for each 
concentration and replicated ten times. The plastic jars were then covered over with muslin 
cloth for aeration fixed with rubber band and kept at 25±2°C and 70±5% relative humidity. 
Each treatment was replicated ten times. A parallel control (distilled water) was also run for 
each treatment. Impregnated leaf discs were removed after 24-hr and provided fi-esh leaves to 
the surviving larvae up to the pupation. Dead larvae and malformed pupae were discarded. 
Healthy pupae were sorted out and kept for adult emergence. 
Insecticide i.e. imidacloprid (17.8% SL) was obtained from M/S Gujarat Krushi 
Rasayan Pvt Ltd, Ahmadabad, Gujarat, India. Five concentrations of imidacloprid viz. 0.002, 
0.004, 0.008, 0.02 and 0.04% were prepared with the help of micropipette by slowly adding in 
100 ml of water stirring consistently for 30 minutes at room temperature. 
Leaf discs (2.5cm) of cauliflower, B. o. botrytis var. Pusi and cabbage, B. o. capitata 
var. Golden Acre were iinpregnated in four concentrations i.e. 0.002, 0.004, 0.008, 0.02 and 
0.04% of imidacloprid for 2 minutes and air dried at room temperature for 30 min. Impregnated 
leaf discs were then kept into plastic jars (200 ml) and five newly moulted 3'^ '^  instars were 
taken from the stock cultiire and released into each plastic jar for each concentration and 
replicated ten times. The plastic jars were covered over by muslin cloth used for aeration fixed 
with rubber band and kept at 25±2°C and 70i:5% relative humidity. A parallel control was also 
run for each concentration with the same number of larvae. Mortality was recorded after 24 hr 
in treated and untreated control. The data was subjected to corrected mortality (Abbott, 1925). 
LC50 and LC25 of imidacloprid were determined by Probit analysis (Finney, 1952). The method 
of bioassay of LC50 and LC25 was same as described earlier. 
2.4. Life table parameters of P. xylostella: 
Life table of P. xylostella was studied under the influence of biopesticides and 
insecticide at constant temperatures of 5°, 10°, 15°, 20°, 25°, 30°, 35°, and 40°C. Freshly 
emerged male and female adults obtained from 3*'' instars that had ingested concentrations of 
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abovementioned concentrations were paired and one pair was kept in a glass jar (20x15 cm) 
and made a batch of 10 pairs for each concentration and method of rearing was same as 
described earlier. Freshly laid eggs were counted and kept in batches of 30 and replicated ten 
times to make it 300 for each concentration of insecticide. Hatched and unhatched eggs were 
recorded daily. Mortality and survival of each instar was recorded and dead larvae were 
discarded. Prepupae, pupae and emergence of aduUs were also determined. A parallel untreated 
control was also run with the same number of eggs against each concentration. Emerged adults 
both males and females obtained from above life table experiment were paired and one pair 
was kept in a glass jar (20X15) and made a batch of 10 pairs and replicated three times for 
treated and untreated control experiments. They were provided 10% sugar solutions soaked in 
cotton wick as food for adults along with fresh leaves of cauliflower and cabbage for 
oviposition. A new male was released in to glass jars whenever male died. Thus, each female 
had one male available for mating during its life time. Eggs laid by each female were recorded 
daily from the day after emergence till death of each female. The number of eggs was divided 
on the basis of sex ratio of 1:1 to get the number of female birth (mx). Life table was 
constructed by the method of Deevey (1947) and Southwood (1978): The data was analyzed 
statistically using one way ANOVA and LSD was also calculated. 
X =Age (days) 
Ix =Number of surviving at age x out of 300 
dx = Number of dying 
1 OOQX = Percentage mortality 
ex= The expectation of life remaining for individuals of age x. Cx = tx/Ix-2 
Fecundity table is thus constructed with the following assumptions; 
X = Pivotal age (days) 
Ix = Number of females alive at the begirming of age interval x (x-pivotal age) as a 
fraction of an initial population of one (Birch, 1948). 
mx = Average number of eggs laid per female in each age interval assuming 50:50 sex 
ratio and computed as or mean number female offspring produced in a unit time by a 
female aged (x) 
mx =Nx/2 
where Nx = Total natality per female offspring in each age 
Besides 'mx' total number of female offsprings in each age interval i.e. female eggs laid in age 
interval (x) 
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Ix.nix computed by multiplying the column Ix with mx that gives the total number of female 
births (female eggs laid) in each age interval (pivotal age x). This is also termed as 
'Reproductive Expectation'. 
Potential fecundity (Pf): It expresses the total number of eggs laid by an average female in her 
life span and measured in females/female/generation. Pf = Zmx 
Net reproductive rate (Ro): This is also referred to as the "carrying capacity" or multiplication 
rate of population in one generation . It is denoted as Ro = Zlx-nix 
Intrinsic rate of increase (r): It is also denoted by r or rm or rmax and called as a biotic potential. 
It is defined as the instantaneous rate of increase of a population in a unit time under a set of 
ecological conditions. For an accurate estimate of 'rm' Birch (1948) introduced some 
approximation to the method to minimize the experimental errors in the formula suggested by 
Lotka (1925). This is as under: Ee""' Ix.mx.dx = 1, e'^ 'Ix.mx = 1, (Birch, 1948). 
Finite rate of increase (X): It is the number of times the population will multiply itself per unit 
time (measured in units of female/females/day) and it is obtained from: (k) = Anti logeTm 
Mean length of generation (Tc): It is defined as the mean period between the birth of the parent 
and the birth of offspring or is the mean of period over which progeny are produced and 
estimated by the formula: Tc= Ix .mx.X/Ix .mx 
Corrected generation time (T): It is defined as the period from birth of individuals to birth of 
offspring and determined by x = loge Ro/ rm 
Doubling time (DT): It is defined as the time required for the population to double its number 
and is calculated as follows: DT = loge 2/rm 
3. Effect of biopesticides and insecticide on the development of P. xylostella on cauliflower 
and cabbage at constant temperatures: 
3.1. Development of P. xylostella: 
Preparation of biopesticides concentrations and LC25 and LC50 of imidacloprid, 
bioassay and the method of observations were same as described in life table methodology. 
Freshly emerged male and female adults obtained from S"' instars that had ingested above 
mentioned concentrations of neemazal-F and biolep and LC25 and LC50 of imidacloprid were 
paired and each pair was kept in a glass jar (20x15 cm) at 5°, 10°, 15°, 20°, 25°, 30°, 35°, and 
40°C provided with 10% sugar solution soaked in cotton wick that was provided as food for 
adults. Fresh leaf of cauliflower and cabbage was provided for oviposition. Freshness of leaf 
was maintained by wrapping moist soil on to the petiole and covered over by aluminum foil 
tied with thin polythene sheet. Freshly laid eggs were counted and kept in batches of 30 and 
replicated 10 times to make it 300 for each concentration. Development time of egg, P', 2"^ 3'^ '' 
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and 4* instars, pre-pupa and pupa for each treatment was recorded. The experiment was 
replicated three times and a parallel untreated control was also run with the same number of 
larvae and the same method was applied to observe the development time. The development 
period was ascertained for each stage of development at constant temperature for each 
concentration of biopesticides and insecticide. The data was analyzed statistically and 
significant difference was also calculated. 
3.2. Linear Regression Model: 
Effect of constant temperatures on the development of P. xylostella was analyzed by fitting (i) 
linear regression curve and (ii) cubic polynomial curve using Sigma Plot-Version 10. Rate of 
development is defined as the reciprocal of time required for completion of a life stage i.e. 1/d. 
Linear regression equation was adopted to express the relationship between the temperature (T) 
and rate of development (D) 
D = a+bT (1) 
Where, D = Development rate 
a and b are constants which were determined by least square method 
T = Temperature 
Lower thermal threshold (Tmin) was calculated by putting D=0 in equation (1) which 
gives 
Tmin = - a ^ (2) 
Thermal constant was calculated by 
K = l / b (3) 
Means total quantity of thermal energy required to complete development 
K = Thermal constant expressed in degree-days (Campbell et al., 1974) 
b = Regression slope 
The thermal units required to complete development were calculated by using the 
formula of Arnold (1959,1960): 
DD = (T,-T™n).D (4) 
Where, 
DD = Degree day 
D =Mean Development time 
Ti = Rearing temperature 
Tmin = Minimum threshold temperature assumed to be 
3.3. Cubic Polynomial Model: 
The linear model cannot be used to calculate ambient temperature since it is monotonically 
increasing. Hence a cubic curve was fitted in the least square sense. Assuming 
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D = a + bT+cT^ + dT^ (5) 
Where, D = Development time, T = Temperature and the constants a, b, c and d, which 
were obtained from the normal equation of the least square method 
Calculations and estimations were carried out using the software Microsoft Excel 
(Microsoft Office, 2007) and Sigma Plot version 10. 
To calculate the ambient temperature. We differentiate D Vt*T and equate it to Zero (0) 
i.e. dD/dT= b+2cT+3dT^=0 (6) 
The ambient temperature is obtained by solving this quadratic equation and taking the 
larger of the two roots 
/ / a . p = -c±Vc'-3bd/3d, Topt=M„,ax(a,p) (7) 
The minimum threshold and maximum threshold temperatures are the minimum and the 
maximum roots representing the equation 
a + bT+cT^ + dT^ = 0 (8) 
4.1. Effect of neem insecticides on the oviposition of P. xylostella on cauliflower and 
cabbage: 
Oviposition of P. xylostella was studied on three varieties of cauliflower, B. o. botrytis 
i.e. Pusi, Aghani and Pusa SnowboU and three of cabbage, B. o. capitata i.e. Golden Acre, 
Parvathi and Cabbage-NS-25 under protected field conditions. The plastic pots (10 cm) were 
filled up with soil and farm yard manure (FYM) in a ratio of 3:1. Seeds of above mentioned 
varieties were sown in pots on 10* October and 10* November of 2008 and 2009 for two 
consecutive years (2008-09 and 2009-10). Moisture was maintained by light irrigation. 
Thinning was done at 25-days after sowing (I)AS) and only one plant was left in each pot. 30-
days old plant was treated with 5, 10, 15 and 20ppm of neemazal, neemix and neemarin by 
means of hand held sprayer for oviposition test. 
No-choice test: 
A single potted plant (30-days old) of one variety was treated with above mentioned 
concentration and placed in a ventilated cage (Ixlxlm) (Plate-3). Then five pairs of adults (1-
day old) were released into the cage for 24-hr and provided 10% sugar solution soaked in 
cotton swab as a food source for adults. Potted plant bearing the eggs was removed from the 
cage and replaced by another treated for 24-hr. Eggs were counted on I^ ' and 2"'' day exposed 
plants and kept under protected condition for fiirther observations. Each set of treatment was 
performed ten times and replicated three times and a parallel control was also run for each 
concentration. 
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Two choice tests: 
Two potted plants (30-days old) of the same variety (host plants) were treated with two 
concentrations of neem insecticide, where one with 20ppm and another 15ppm. Both of them 
were then kept in a ventilated cage (Ixlxlm) and five pairs of adults (1-day old) were released 
into it. Both plants bearing the eggs were replaced after 24-hr by another two potted plants with 
the same treatments for another 24-hr. Eggs were counted on both plants. Each set of 
experiment was performed ten times and replicated three times. The same method was adopted 
for a set of concentration of each biopesticide with a combination of 10:15, 5:15, Control:15; 
20:10, 15:10, 5:10 and Control:10 and 20:5, 15:5, 10:5 and Control:5. Each treatment 
combination with three varieties of cauliflower and three of cabbage were tested. Thus, two 
years data were collected and pooled for each variety. The data were statistically analyzed and 
least significance difference (LSD) was calculated at 5% level. 
5. Studies on the management of P. xylostella on cauliflower and cabbage: 
5.1. Raising the nursery of cauliflower and cabbage: 
Standard agronomic practices were carried out for raising the seedlings of cauliflower 
and cabbage varieties. Before sowing farm yard manure (FYM) was broadcasted and mixed 
with soil and irrigation was done as required. Seeds of three varieties of cauliflower, B. o. 
botrytis i.e. Pusi, Aghani and Pusa Snowboll-K-1 and three of cabbage, B. o. capitata i.e. 
Golden Acre, Parvathi and Cabbage-NS-25 were sown on 15^ ^ October and V^ November of 
2008 and 2009 respectively. Light irrigation was given to nursery beds to maintain moisture 
contents. Seedlings would be prepared in 25 days, thereafter these were uprooted and 
transferred into the prepared field. 
5.2. Preparation of biopesticide formulations: 
Commercial formulations i.e. neemarin® (ISOOppm azadirachtin), neemazal F® 
(5000ppm azadirachtin), neemix® (2500ppm azadirachtin), neemexcel®(ISOOppm azadirachtin) 
and multineem® (SOOppm azadirachtin) and were obtained from M/S Biotech, International 
Ltd, New Delhi, India, EID Parry India Ltd. Kolkata, India Certis USA, Kamataka Agro 
Chemicals, Bangalore, Kamataka, India and Shri Ram Solvent Extraction Pvt. Ltd, Jaspur, UK, 
India, respectively. NSKE (5%) was indigenously prepared with crude form of neem seeds. 
Two commercial formulations of B. thuringiensis Kurstaki i.e. Biolep® WP and Bioasp® WP 
were obtained from Biotech International Ltd. New Delhi, India. 20 ppm of above neem, and 
Bt formulations were prepared separately with the help of measuring cylinder and electronic 
balance by slowly adding the material in appropriate amount of water required for per hectare 
of field spray and stirring consistently for 30 minutes. Distilled water was used as control. B. 
bassiana was isolated from the field infected grubs and adults of Zygogramma bicolorata. It 
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bassiana was isolated from the field infected grubs and adults of Zygogramma bicolorata. It 
was multiplied and kept as pure stock culture (Plate-4) at Department of Plant Protection, 
Faculty of Agricultural Sciences, AMU, Aligarh, India. It was continuously cultured at 25 °C in 
darkness on Sabouraud Dextrose Agar (SDA) containing 10 g peptone, 40 g dextrose, and 10 g 
agar in 1000 ml water (Tefera and Pringle, 2004). To prepare fungal inoculums, conidia from 2 
- 3 week old culture were scraped from the surface of the plates with a sterile scalpel and 
suspended in 0.05% aqueous Tween-80. The conidial concentration of 1:100 suspensions was 
counted with an improved Neubauer haemocytometer under a phase contrast microscope. A 
total of 5 counts were made to determine the conidial concentration. The conidial concentration 
used was 5.60x1 O^conidia/ml. The concentrations were adjusted with dilution of 0.01% Tween 
80 solution to obtain conidial concentration of 2.0x10 to 10 conidia/ml (Goettel and Inglis, 
1997). Viability percentage was determined by randomly counting 100 conidia per plate (a total 
of 500 conidia on five plates) under a phase contrast microscope using 40x objective 
magnification power. The conidia were considered viable and to have germinated if a germ-
tube emerged from the spore (Gouli et al, 2005) and a germ-tube length was two times the 
diameter of a conidium (Goettel and Inghs, 1997). The concenfrations i.e. 1x10 ,^ 2x10*, 1x10^  
and 2x10^ conidia/ml of water were used in the experiment. 
5.3. Effect of biopesticides on the management of P. xylostella: 
Field experiments were conducted in Rabi seasons of 2008-09 and 2009-10 under 
recommended manure and fertilizer doses. FYM @ 250qha"' was mixed in the soil while 
preparing the field at last ploughing. 150:80:75 Kg NPK ha"' was applied in the form of urea @ 
326 Kg, single superphosphate @ 500 Kg and muriate of potash @ 125 Kg ha'. One third of 
urea and fidl quantity of single superphosphate and muriate of potash were applied at the time 
of transplanting as a basal dressing and the remaining two third quantity of urea was applied in 
two split doses, one at 30 days after transplanting (DAT) and the other at 50. Experiment was 
laid out in a randomized block design and replicated thrice in a plot size of 3x2.5m^ with 
60X60cm for cauliflower and 60x45 cm for cabbage spacing. Light irrigation was given right 
after transplanting and then irrigation was done at every 10 days interval. Five plants were 
selected and tagged in each micro plot and natural infestation of P. xylostella and its parasites 
was monitored at 10 days interval after transplanting to the maturity of cauliflower and 
cabbage. Initial infestation occurred at 12 DAT and thereafter, density begins to rise and 
reaching to about 13.20-16.40 and 13.75-19.34 larvae and pupae/plant on cauliflower and 
cabbage in 2008-09 and 2009-10, respectively at 1-day before 30 DAT (Plate-5). This density 
warrants the application of insecticides to protect the crop. Commercial neem formulations i.e. 
neemarin® (1500 ppm), neemix® (2500 ppm), neem azal®-F (5000 ppm), neemexcel® (1500 
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ppm), multineem® (300 ppm) @ 20 ppm and 5% NSKE (indigenously prepared with crude 
form of neem seeds), two Bt formulations i.e. Biolep WP, Bioasp WP 20 ppm, and one 
entomopathogenic fungus i.e. B. bassiana were used. Larvae and pupae of DBM were counted 
on 5 randomly selected plants in each plot at 1 DBS (day before spray). 1*^  round spray was 
applied as a foliar (Plate-6). Reduction in density of larvae and pupae/plant was monitored 2"*^ , 
5*, 8* and 11* DAS (days after spray). Percent larval reduction over control was also 
estimated on these days (Plate-7). 11-days after 1*' round, the density tends to increase above 
economic threshold level, therefore 2"** round was also carried out at 50 DAT. After that the 
population of P. xylostella did not increase beyond the economic threshold level. Parasitoid 
population was also monitored after the 1*' and 2"*" spray to ascertain the effects of 
biopesticides. Yield of marketable cauliflower and cabbage heads in Kg per plot was recorded 
and converted in quintal per hectare. The data was analyzed statistically and also differences 
between the treatments were compared using Tukey's HSD test as well as cost benefit ratio was 
also worked out. Sick 3'^ and 4* instars and pupae of P. xylostella were brought to the 
laboratory and kept for emergence of parasites for proper identification. Correlation between 
weather parameters and average population of P. xylostella and its parasitoids was estimated of 
both years of study. 
5.4. Combined effect of biopesticides and insecticides on the management of P. xylostella: 
In this experiment, agronomic practices, varieties and method of observations were 
same as adopted above mentioned experiment. Joint effect of two insecticides i.e. imidacloprid 
(17.8% SL), endosulfan (35% EC) and cypermethrin (5% EC) with commercial neem 
formulations i.e. neemarin, neemix, neemazal, neem excel, multineem, ultineem, and NSKE 
(indigenously prepared with crude form of neem seeds), two Bt based insecticides i.e. Biolep 
WP, Bioasp WP, were observed. 1*' round spray was done after 30 DAT. 10 ppm imidacloprid 
was mixed with 15 ppm of neem, and Bt based insecticides. 4% NSKE was also used in this 
experiment. In 2"** spray, cypermethrin 15 ppm was mixed with neem and Bt based insecticides. 
Effect of neem, Bt and synthetic insecticides in combinations on parasitoid population was also 
observed. Yield of marketable cauliflower and cabbage heads in Kg per plot was recorded from 
each plot and converted in quintal per hectare. The data was analyzed statistically and also 
differences between the treatments were compared using Tukey's HSD test as well as cost 
benefit ratio was also worked out. 
The combinations are given below: 
1*' round spray: 
15ppm neemarin +10 ppm imidacloprid, 15 ppm neemix +10 ppm imidacloprid 
15 ppm neemazal +10 ppm imidacloprid, 15 ppm neemexcel +10 ppm imidacloprid 
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15 ppm multineem +10 ppm imidacloprid, 15 ppm NSKE +10 ppm Imidacloprid 
15 ppm Biolep +10 ppm Imidacloprid, 15 ppm Bioasp+10 ppm Imidacloprid 
l"*" round spray: 
15ppm neemarin +15 ppm cypermethrin, 15 ppm neemix +15 ppm cypermethrin 
15 ppm neemazal +15 ppm cypermethrin, 15 ppm neemexcel +15 ppm cypermethrin 
15 ppm multineem +15 ppm cypermethrin, 15 ppm NSKE +15 ppm cypermethrin 
15 ppm Biolep +15 ppm cypermethrin, 15 ppm Bioasp+15 ppm cypermethrin 
Plate.2- Rearing of Plutella xylostella under laboratory conditition. 
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Plate.3- Oviposition cage of P. xylostella (A & 
B) and Eggs of P. xylostella on stem (C). 
P\ate.4-B.bassiana isolated from infected Zygogramma bicolorata. Mass multiplied on (A) Broth, 
(B) Maize (C) Sorghum grains and (D)SDA. 
Plate 5- Infestation of P. xylostella, A and B: cauliflower field, C and D: Cabbage field. 
Plate.6- Application of biopesticides on cauliflower, B. o. botrytis varieties (A, B, C) and on cabbage, B. o. 
capitata varieties (D, E, F). 
Plate.7- Effect of (A) Neemarin, (B) Neemazal, (C) Biolep, (D) Neemexcel, (E) Beauveria 
bassiana, (F) Neemix, (G) Multineem, (H) NSKE and (1) Bioasp on P. xylostella larvae. 
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RESULTS AND DISCUSSION 
1.1. Effect of biopesticides and insecticide on the life table of P. xylostella on cauliflower, 
B. oleracea botrytis var. Pusi at constant temperatures: 
1.1.1.1. Effect of neemazal on the life table of P. xylostella on cauliflower at constant 
temperatures: 
Life table parameters of P. xylostella on cauliflower were significantly (P<0.05) 
affected when exposed to different concentrations of neemazal at constant temperatures. 
Survivorship (Ix) was significantly (P<0.05) decreased with increasing the temperature fi-om 
10° to 35 °C. However, it was concentration dependent that showed a correspondingly increase 
in the survivorship after exposure fi-om 5 to 20 ppm of neemazal irrespective of temperature. 
Survivorship (Ix) was prolonged to 111 days when exposed to 20 ppm as compared to 90 days 
in untreated control at 10°C (Fig. 1). While it was 20 days with 5 ppm compared to 15 days in 
untreated control at 35°C. Mortality occurred on different days at immature and aduh stages 
(Fig. 2). 
Survival rate was also significantly (P<0.05) differed by application of neemazal at 
constant temperatures (Table-1.1.1.1). Lower number of eggs were hatched i.e. 48.3 and 56.7% 
when exposed to 20 ppm than to 73.0 and 75.3% in the control at 35° and 10°C, respectively. 
Hatching of eggs were higher at 25°, 20° and 30°C than to 10° and 35°C. Highest survival rate 
of 2"'' instar was 82.3% in the unexposed and decreased to 63.4% with 20 ppm at 25°C. 
Survival of 2"** instars was reduced by decreasing temperature from 25° to 10°C and increasing 
fi-om 30° to 35°C when treated with 5, 10, 15 and 20 ppm. 3'^ '' instars were more tolerant than 
4* instars when subjected 5, 10,15 and 20 ppm of neemazal at constant temperatures. Prepupal 
and pupal stages have showed a higher survival rate than the eggs and larval stages exposed to 
5, 10, 15 and 20 ppm of neemazal at constant temperatures. Survival of both stages increased 
with increase of temperature from 10° to 25°C and then decreased with increasing temperature 
from30°to35°C. 
1.1.1.2. Effect of neemazal on fecundity and life indices of P. xylostella on cauliflower: 
Fecundity and life indices of P. xylostella varied significantly (P<0.05) in exposed and 
unexposed individuals at constant temperatures (Table-1.1.1.2.a.l-5). Mating occurred after 
emergence and the females of P. xylostella were laying eggs 1 -day after emergence and the 
peak occurred on 3'^ '' day then decreased with advancing age in both exposed and unexposed 
females at constant temperatures. Oviposition period was significantly (P<0.05) affected by 
neemazal at constant temperatures. Oviposition period was decreased with increasing the 
concentrations from 5 to 20 ppm and increasing the temperature from 10° to 35 °C. Longest 
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oviposition period was 11 and 3 days in untreated control at 10° and 35°C, respectively. 
Shortest oviposition period (3 days) was invariably observed in all treatments of neemazal at 
35°C. Oviposition period was prolonged to 10 days by 5 ppm while reduced to 8 days by 20 
ppm as compared to 11 days in the control at 10°C. 5 ppm neemazal has reduced the post 
oviposition period to 9 days as compared to 12 days in untreated control at 10°C. It was 1-day 
in the treated and untreated control at 35°C. Females of P. xylostella significantly (P<0.05) laid 
highest number of eggs under influence of neemazal at 25°C. Number of eggs were reduced by 
increasing the concentrations from 5 to 20 ppm as well as by decreasing the temperature from 
25° to 10°C and increasing above 25° to 35°C. 248.4eggs/female were collected in the 
untreated control and reduced to 83 eggs/ female with 20 ppm at 25°C. Untreated females live 
longer (24 days) than 20 days in the 20 ppm at 10°C. Longevity decreases with increase of 
temperature from 10° to 35°C in the treated groups. Daily fecundity rate (mx) was inversely 
proportional to concentration tested. However, it is significantly increased with increase of 
temperature from 10° to 25°C and decresed when P. xylostella reared at 30° and 35°C. The mx 
was highest i.e. 36.8 offspring/day in the unexposed female followed by 28.7, 20.6, 18.7 and 
15.7 offspring/day exposed to 5,10,15 and 20 ppm of neemazal at 25°C (Table-1.1.1.2. a-1-5). 
The potential fecundity (Pf) was significantly (P<0.05) decreased to 14.5 and 10.40 
females/female/generation by 20 ppm as compared to 33.90 and 59.60 in the imtreated control 
at 10°C and 35°C, respectively. A significantly higher Pf i.e.124.20 females/female/generation 
was in the confrol groups than to 75.90 by 5 ppm at 25°C (Table-1.1.1.2.b). The Pf was 
significantly reduced by increasing the concentration from 5 to 20 ppm and increased by 
increasing the temperature from 10° to 25°C and then decreased from 30° to 35C°. The 
reproduction rate (Ro) was also greatly (P<0.05) reduced to 0.39 and 0.58 
females/female/generation by 20 ppm as compared to 8.1 and 27.2 at 35°C and 10°C, 
respectively. The highest Rowas recorded at 25 °C by treatment with 5, 10, 15 on 20 ppm and 
the untreated control as compared to 10°, 15°, 30° and 35°C. The intrinsic rate of increase (rm) 
was significantly (P<0.05) differed at constant temperatures and reduced significantly (P<0.05) 
by increasing the concentration from 5 to 20 ppm of neemazal. 20 ppm has caused greatest 
reduction in the rm (-0.005 and -0.042 females/female/day) at 10° and 35°C which means that 
the population is going to extinct in this generation and will never recovered recover back. The 
rm was higher i.e. 0.109females/female/day when exposed to 5 ppm at 25°C than to 10°, 15°, 
20° and 35°C. The rm values were higher at 20°, 25° and 30°C than to 10°, 15° and 35°C. 
Highest number of females/female/day were produced when exposed to neemazal at 25 °C than 
those reared at 10°, 15°, 20°, 30° and 35°C. Moreover 35°C was found fatal to P. xylostella 
when treated with 20 amd 15 ppm. Finite rate of increase (X) was significantly (P<0.05) 
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reduced when exposed to 20 ppm of neemazal at 10° and 35°C showing that the population is 
declining towards extinction. Greatest number of progeny was produced at 25°C in the exposed 
and unexposed groups. However, considerably lower birth was observed by increasing 
concentration of neemazal from 5 to 20 ppm at constant temperatures. Mean length of 
generation (Tc) was significantly (P<0.05) prolonged to 95.20 days by 20 ppm of neemazal as 
" compared to 70.1 days in untreated control at 10°C, P. xylostella could be able to complete the 
generation fast in exposed and unexposed individual at 35°C as compared to other constant 
temperatures. Whereas, 25°C is probably favourable for P. xylostella to complete the 
generation in 21.4 days in the untreated control as compared to 26.9 days when exposed to 5 
ppm. Corrected generation time (T) was also concentration dependent. Almost similar trend of 
results were obtained for corrected generation time where x was greatly prolonged to 110.5 
days when exposed to 20 ppm as compared to 89.5 days in the untreated control at 10°C. 
Doubling time (DT) was also significantly (P<0.05) differed on exposure to concentrations of 
neemazal and untreated control 5° to 35°C. Population of P. xylostella unable to multiply under 
the influence of 20 ppm of neemazal at 10° and 35°C. Therefore, it was fatal to the population 
of P. xylostella. Slowest DT was found to be 628.37 days by 15 ppm of neemazal at 30°C and 
fastest (4.26 days) in the untreated control at 30°C. Therefore, physiological and biochemical 
processes of P. xylostella are greatly delayed to double its population in 628.3 days that is 
probably not possible in nature. Doubling time was fast at 25°, 30° and 35°C in the treated 
population as compared to 20°, 15° and 10°C. However, it was reduced in the population 
exposed to 5, 10, 15 and 20 ppm. 
1.1.2.1. Effect of biolep on the life table of P. xylostella on cauliflower at constant 
temperatures: 
Biolep has caused a significant (P<0.05) lethal effect on life table parameters of P. 
xylostella on cauliflower at constant temperatures. Survivorship (Ix) was prolonged to 101 days 
by 20 ppm at 10°C, when compared to untreated control (89.5 days) (Fig. 3). Ix was shortened 
with increasing concentrations from 5 to 20 ppm. However, it was increased with increasing 
temperature from 10° to 25°C and decreased from 30° to 35°C. Mortality was observed on 
immature and adult stages with biolep at constant temperatures. It was more on immature 
stages when exposed with 20 ppm than to 5 to 15 ppm irrespective of constant temperatures 
(Fig. 4). 
The data (Table-1.1.2.1) showed that biolep exhibited a significant (P<0.05) impact on 
survival rate. Hatching of eggs were significantly (P<0.05) affected by the concentrations 
tested. Hatching was considerably decreased with the increase of concentrations from 5 to 20 
ppm. 64% eggs were hatched when exposed to 20 ppm while 75.3% in the unexposed at 10°C. 
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However, 83.3% of eggs were hatched in unexposed and 73.2% in the exposed with 20 ppm at 
25°C. Only 66.5, 57.9, 54.6, 35.7% of 2"**, 3'" and 4"* instars, respectively were survived at 20 
ppm at 35°C while, 72.6, 69.8, 71.3 and 74.7%, respectively in untreated control. Survival of 
prepupa was highest on exposed to 5 ppm (92.5%) and 93.3% in the untreated control at 25°C. 
A significantly lower pupal survival rate was observed at 10° and 35°C on treated and untreated 
control. 
1.1.2.2. Effect of biolep on fecundity and life indices on cauliflower: 
The results (Table-1.1.2.2.a. 1-4) indicated that the fecundity of P. xylostella was 
inversely proportional to the concentrations tested. Females of P. xylostella were laying eggs 1 -
day after emergence and peak occurred on 3-day then decreased down with advancing age in 
both treated and untreated control. The oviposition period was shorter at 20 ppm of biolep than 
15, 10 and 5 ppm and untreated control irrespective of temperatures. Oviposition period was 
prolonged to 11 days when treated with 5, 10 and 15 ppm and the untreated control at 10°C. 
However, it was shortest (3 days) at 35°C for exposed and unexposed groups. Oviposition 
period decreases with increasing of temperature from 10° to 35°C. Post oviposition period 
decreases with increase of concentrations from 5 to 20 ppm and increase of temperature from 
10° to 35°C. Number of eggs/female were reduced after exposure of biolep from 5 to 20 ppm 
and increased with increasing temperatures from 10° to 25°C and then decreased from 30° to 
35°C. 202.6eggs/female was received after exposure to 5 ppm at 25°C while, 
248.40eggs/female with untreated confrol. The smallest number of eggs obtained at 35°C when 
exposed to concentrations of biolep. Longevity of 5 ppm freated females was 23 days and 24 
days in the untreated control at 10°C. Longevity decreases vdth increase of concentration from 
5 to 20 ppm and increase of temperature from 10° to 35°C. Daily fecundity rate (mx) was 
inversely proportional to the concentration tested and increased with increase of temperature 
from 10° to 25°C and then decreased with further increase of temperature from 30° to 35°C. 
Higher daily fecundity was 12.3, 29.4, 32.3, 36.7, 23.5, 11.4 offspring/female treated with 5 
ppm and 16.4, 26.4, 40.5, 36.8, 31.5 and 14.8 in the untreated control at 10°, 15°, 20°, 25°, 30° 
and 35°C, respectively. 
The potential fecundity (Pf) was significantly (P<0.05) differed among the 
concentrations tested at constant temperatures (Table-1.1.2.2.b). Pf was higher at 25°C than to 
10°, 15°, 30° and 35°C. 101.3females/female/generation was obtained at 5 ppm and 124.20 in 
the untreated control at 25°C. 20 ppm has caused a significant reduction in Pf at constant 
temperatures. The net reproductive rate (Ro) was also significantly differed with biolep at 
constant temperatures. The Ro increases with increase of temperature from 10° to 25°C and then 
decreases further increase of temperature from 30° to 35°C as well as it was decreased with 
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increasing concentration of biolep from 5 to 20 ppm. The Ro was highest i.e. 
59.80females/female/generation by 5 ppm at 25°C. The intrinsic rate of increase (rm) was 
considerable differed with concentrations tested and constant temperatures. The rm was highest 
i.e. 0.134females/female/day in 5 ppm exposed groups as compared to 0.155 in the unexposed 
at 25°C. Shortest rm occurred with 20 ppm of biolep at all temperatures tested where the 
progeny production was greatly reduced. However, rm was greater at 30°C than to 20°C. 
Almost similar result was calculated for finite rate of increase (k). Where, 
1.143females/female/day was produced with exposure to 5 ppm of biolep and 1.17 in the 
unexposed groups at 25°C. Female birth was higher in the treated groups at 25°, 30° and 35°C 
than to 10°, 15° and 20°C. Mean generation time (Tc) was concentration dependent, P. 
xylostella has completed a single generation in 84.1 days with exposure to 20 ppm of biolep at 
10°C and shortest (13.4 days) when exposed to 5 ppm, while 12.3 days in untreated control at 
35°C. The Tc decreases with decreasing the concentration and increasing the temperature. 
Corrected generation time (x) was extended up to 100.5 days by 20 ppm, this value was 
significantly differed to that of 15,10 and 5 ppm as compared to untreated control (89.50 days) 
at 10°C. T was prolonged to 62.5, 44.5, 37.5, 34.5 days with exposure to 20 ppm as compared 
to 53.5, 34.5, 28.5 and 24.5 days in unexposed groups at 15°, 20°, 25° and 30°C, respectively. 
Doubling time (DT) was delayed significantly to 39.17 days by 20 ppm of biolep at 10°C. 
Population of P. xulostella will become double in 16.9, 10.5, 8.4, 10.7 and 35.9 days by 20 ppm 
at 15°, 20°, 25°, 30° and 35°C, respectively. The DT was non significantly differed at 5 and 10 
ppm at constant temperatures. The shortest doubling time was 5.93 days by 5 ppm and 4.81 
days in untreated control at 35°C. 
1.13.1. Effect of imidacloprid on the life table of P. xylostella on cauliflower at constant 
temperatures: 
Analyzed results showed that the imidacloprid gave a significant (P<0.05) impact on 
life table parameters at constant temperatures. Survivorship was significantly (P<0.05) differed 
when exposed to LC50 and LC25 of imidacloprid at constant temperatures. It was decreased by 
increase of temperature from 10° to 35°C. A prolonged survivorship (Ix) was evident at LC50 
and LC25 (0.0015% and 0.001%, respectively) as compared to the untreated control at 10°C 
(Fig. 5). Mortality (immature and adult stages) occurred on different days of life. However, 
early instars were more susceptible to imidacloprid than to the later instars (Fig. 6). 
Survival rate was significantly (P<0.05) differed in the treated and untreated control at 
constant temperatures (Table-1.1.3.1). Hatchability was higher in the unexposed than to 
imidacloprid exposed groups at 25°C. It was 58.7, 61.3, 63.3, 65.3, 63.3 and 51.3% with 
exposure to LC25 of imidacloprid, however, 75.3, 79.7, 82.0, 83.3, 81.7 and 73.0% in the 
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untreated control at 10°, 15°, 20°, 25°, 30° and 35°C, respectively. Survival rate was higher in 
the l" instar (71.4%) treated with LC25 than to the LC50 at 25 °C. However, it was reduced to 
58.7% treated with LC50 at 10°C. Mortality (2"'' and 3"* instars) was more at 10°, 15° and 35°C 
than to 20°, 25° and 30°C. A significant reduction in the survival of 4"' instars was observed in 
the treated groups as compared to the untreated control. Prepupal and pupal stages were more 
tolerant than to the larval stages to LC25 and LC50 at constant temperatures. 
1.13.2. Effect of imidacloprid on fecundity and life indices on cauliflower: 
Imidacloprid has caused a significant (P<0.05) effect on fecundity and life indices of P. 
xylostella at constant temperatures. Fecimdity was considerably (P<0.05) low in the exposed as 
compared to unexposed females (Table-1.1.3.2.a. 1-2). It was greater on 3'** day after emergence 
and then decreased significantly with advancing age in both treated and the untreated control. 
Oviposition period was 11 days in the untreated control and it was reduced to 7 days when 
exposed to LC25 at 10°C. A substantial difference was determined between LC25 and LC50 at 
constant temperatures. Oviposition period was shorter (2-days) at 35°C than to 4 days at 25°C 
when exposed to LC50 of imidacloprid. The highest numbers of eggs were collected at 20°C in 
the imidacloprid exposed females but the maximimi numbers of eggs were obtained at 25°C in 
the untreated females. Post oviposition period was 12 days in the untreated control whereas, a 
substantial decrease was found in the treated groups at 10°C. Post oviposition period was only 
1-day in both the exposed and unexposed of P. xylostella. Daily fecundity rate (mx) was higher 
(46.3 offspring/female) when exposed to LC25 than to LC50 (35.6offspring/female) at 20°C 
whereas, 124.2 offspring/female produced in the untreated control at 25 °C. The mx was lowest 
in both treated and the untreated control at 35°C. It was highest on "^^ day and then decreased 
gradually with increase of age in both treated and untreated control. Females lived longer (19 
days) when exposed to LC25 than LC50 while 24 days in the untreated control at 10°C. 
Longevity tends to decrease with increase of temperature from 10° to 35 °C. 
The potential fecundity (Pf) was significantly (P<0.05) differed in treated and the 
untreated control at constant temperatures (Table-1.1.3.2.b). A significantly higher Pf was 
calculated when exposed to LC25 than LC50 exposed at constant temperatures. It was increased 
with increase of temperature fi-om 10° to 25 °C and decreased with increase of temperature from 
30° to 35°C. 44.70females/female/generation was produced when exposed to LC25 and 124 in 
the unexposed groups at 25°C. The Pf was relatively higher at 20° and 25°C in both treated and 
untreated control than to other temperature tested. The net reproductive rate (Ro) was 
concentration dependent. Ro was significantly (P<0.05) differed in both the treated and 
untreated control at constant temperatures. The Ro was significantly (P<0.05) reduced to 
7.27females/female/generation in the presence of imidacloprid (LC50) as compared to 84.0 in 
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the untreated control at 25°C. Values of Ro were increased with the increase of temperature up 
to 25°C and then decreased above this temperature to 35°C. The Ro was greatly reduced in 
treated groups as compared to untreated groups at 35°C. The intrinsic rate of increase (rm) was 
not differed significantly (P>0.05) at 10° and 35°C. However, it differed significantly at 15°, 
20°, 25° and 30°C. The lowest rm - 0.006 and -0.066 females/female/day occurred when 
exposed to LC50 of imidacloprid at 10° and 35°C which showed that the population of P. 
xylostella is heading towards extinction and no progeny will be produced in the next 
generation. 0.066females/female/day was produced in the exposed to LC25 as compared to 
0.109 in the untreated control at 25°C. Values of r^ were higher at 20°, 25° and 30°C than to 
those at 10°, 15° and 35°C. A similar result obtained with the finite rate of increase (k). The >. 
decreased with increasing concentrations from LC25 to LC50. 1.069females/female/day were 
produced with LC25 and enhanced to 1.167 in the unexposed P. xylostella at 25°C. Mean 
generation time (Tc) was significantly affected by imidacloprid at constant temperatures. The 
longest Tc was i.e. 103.9 days with exposure to LC50 of imidacloprid as compared to 70.2 days 
in unexposed groups at 10°C. 12.33 days were calculated in the untreated control and extended 
to 23.5 days when treated with LC25 of imidacloprid. Corrected generation time (x) was also 
concentration dependent, x was extended upto 117.5 days in treated with LC50 and 89.5 days in 
untreated control at 10°C. Shortened x was observed in both unexposed and exposed to LC25at 
35°C. Doubling time (DT) was significantly varied in treated and untreated groups at constant 
temperatures. Population did not reproduce when treated with LC25 and LC50 imidacloprid at 
10° and 35°C. P. xylostella breeds fast at 30°C in the absence of insecticides. The population 
will favourably be multiplied fast at 25°C in both exposed and unexposed of P. xylostella. 
1.2. Effect of biopesticides and insecticide on the life table of P. xylostella on cabbage, B. o. 
capUata var. Golden Acre at constant temperatures: 
1.2.1.1. Effect of neemazal on the life table of P. xylostella on cabbage at constant 
temperatures: 
Neemazal has a marked (P<0.05) effect on life table at constant temperatures. 
Survivorship (Ix) has increased with increasing the concentrations from 5 to 20 ppm. Ix 
increases with increasing the temperature from 10° to 35°C. The Ix was prolonged to 115 days 
in 20 ppm of neemazal as compared to 92 days in the unexposed P. xylostella at 10°C. The Ix 
was extended up to 72, 51, 44, 39 and 24 days treated with 20 ppm as compared to 56, 36, 32, 
26 and 16 days in untreated control at 15°, 20°, 25°, 30° and 35°C, respectively (Fig.7). 
Mortality was higher with 20 ppm than to other concentrations tested as well as it was greater 
at 30° and 35°C than lower temperatures. Mortality of earlier instars was less than that of later 
instars (Fig. 8). 
40 
Neemazal has exhibited a significant (P<0.05) impact on survival rate of P. xylostella 
on cabbage at constant temperatures (Table-1.2.1.1). The lower numbers of eggs (47.7%) were 
hatched by 20 ppm as compared to 74,0% in the untreated control at 10°C. Egg hatching was 
decreased with increase of neemazal from 5 to 20 ppm and increased with increasing the 
temperature from 10° to 25°C and decreased after increasing temperature from 30° to 35°C. 
The highest numbers of eggs were hatched i.e. 72.0% treated with 5 ppm and 82.7% in 
untreated control at 25°C. Only 58.9% of the 1^ ' instar larvae were survived by 20 ppm as 
compared to 75.2% in imtreated control at 10°C. Survival rate of 2"^* instars was 46.1, 50.0, 
54.6, 55.6, 55.7 and 50.9% exposed to 20 ppm and 72,5, 77.7, 80.9, 82.4, 78.1 and 67.1% in 
unexposed at 10°, 15°, 20°, 25°, 30° and 35°C, respectively. Survival of 3"* and 4* instars was 
less as compared to 1*' and 2"'' instars. Prepupal and pupal survival rate was not significantly 
differed among treated and untreated control at constant temperatures. The pupal survival was 
lowest (57.5%) when treated to 20 ppm as compared to 67.7% in untreated control at 35°C. The 
highest numbers of pupae were survived to develop into adult in exposed and unexposed P. 
xylostella at 25°C. 
1.2.1.2. Effect of neemazal on fecundity and life indices of P. xylostella on cabbage: 
A significant (P<0.05) impact of neemazal was determined on fecundity and life indices 
of P. xylostella on cabbage at constant temperatures. Oviposition was peaked on 3'^ '' day after 
emergence. It was 10 days in the untreated control at 10°C and shortest i.e. 3 days in both 
exposed and unexposed groups at 35°C. Oviposition period was decreased with increase of 
temperature from 10° to 35°C. Post oviposition period was prolonged to 13 days in the 
untreated control while 10 days occurred wdth exposure of 20 and 5 ppm. It was only 1-day in 
both the exposed and imexposed groups at 35°C. Post oviposition period was reduced with the 
decrease of concentration tested and rising of constant temperature. Daily fecundity rate (mx) 
was concentration and temperature dependent, mx was highest (36.5 offspring/female) on 3'^ '' 
day in the untreated confrol than 25.7, 16.8,16.2 and 14,2 offspring/day by application of 5, 10, 
15 and 20 ppm of neemazal, respectively. Greatest mx was determined at 25°C in the exposed 
and unexposed P. xylostella (Table-1.2.1.2.a.l-5). It was decreased with increase of age oi P. 
xylostella. The mx was higher at 20°, 25° and 30°C than that of at 10°, 15° and 35°C in exposed 
and the unexposed groups. Female longevity was 17, 12, 10, 7, 7 and 3 days with exposure to 
20 ppm and 24, 18, 12, 11, 9 and 4 days in the unexposed groups at 10°, 15°, 20°, 25°, 30° and 
35°C, respectively. 
The potential fecundity (Pf) was significantly (P<0.05) differed with concentrations and 
constant temperaturures (Table-1.2.1.2.b). 69.90females/female/generation were produced by 5 
ppm and increased to 114.50 in the untreated control at 25°C. The Pf was lowest at 10° and 
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15°C in both treated and untreated groups. The net reproductive rate (Ro) was decreased in 
concentration dependent manner. The Ro was significantly (P<0.05) reduced when treated with 
20 and 15 ppm at 10° and 35°C. It was significantly higher in the exposed and unexposed P. 
xylostella at 25°C than other constant temperatures tested. The intrinsic rate of increase (rm) 
was significantly (P<0.05) differed among the concentrations tested at constant temperatures. 
The lowest rm was -0.053 and -0.02females/female/day with exposure to 20 and 15 ppm, 
respectively as compared to 0.05 in the untreated control at 35°C showing that the population is 
at the verge of extinction. The r™ was significantly higher in both treated and untreated control 
at 25°C than other temperatures tested. The finite rate of increase (X) was inversely proportional 
to tested concentrations of neemazal. Female birth rate was 0.949 and 0.958females/female/day 
with exposure to 20 ppm neemazal at 10° and 35°C, which showed that population heading 
towards collapse. Birth rate was higher at 25°C than other temperatures tested. Mean 
generation time (Tc) differed significantly (P<0.05) in treated and untreated control. Maximum 
time taken by P. xylostella to complete a single generation was 100.81 days by 20 ppm 
showing that it is not possible in the natural condition as compared to 72.24 days in the 
unexposed control at 10°C. However, generation time was shortest at 35°C and longest at 10°C. 
Corrected generation time (T) extended up to 114.5, 71.5, 50.5, 43.5, 38.5 and 23.5 days treated 
with 20 ppm as compared to 91.5, 55.5, 35.5, 31.5, 25.5 and 15.5 days in the untreated control 
at 10°, 15°, 20°, 25°, 30° and 35°C, respectively. Doubling time was significantly (P<0.05) 
differed among the tested concentrations of neemazal. Population of P. xylostella failed to 
become double when treated with 15 and 20 ppm at 10° and 35°C. However, 5 and 10 ppm 
have retained this ability at abovementioned temperature conditions. The population of P. 
xylostella will multiply fast at 25° and 30°C. 
1.2.2.1. Effect of bioiep on the life table of P. xylostella on cabbage at constant 
temperatures: 
Bioiep gave a significant (P<0.05) impact on life table of P. xylostella at constant 
temperatures. Survivorship (Ix) of P. xylostella was extended up to 104, 65, 46, 40, 36 and 20 
days by 20 ppm of bioiep as compared to 92, 56, 36, 32, 26 and 16 days in the unexposed 
groups at 10°, 15°, 20°, 25°, 30° and 35°C, respectively (Fig. 9). The Ix differed significantly 
(P<0.05) among the tested concentration at constant temperatures. It increases with increase of 
temperature from 10° to 25°C and then decreases with ftirther increase of temperature from 30° 
to 35°C. 
The survival rate was differed significantly/non significantly with the treatment of 
bioiep at constant temperatures (Table-1.2.2.1). The hatching of eggs was considerably reduced 
by increasing concentrations of bioiep. Only 63.3 and 65.7% eggs were hatched by 20 ppm of 
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biolep as compared to 74.0 and 71.7% in the untreated control at 10° and 35°C, respectively. 
79.0% of eggs were hatched when treated to 5 ppm and 81.7% in the unexposed at 25°C. 
Survival of 1'* instar was higher (78.0%) by 5 ppm and 80.2% in the unexposed groups at 20°C. 
Survival rate of 2"*", 3*^ ,^ and 4'*' instars were decreased with the increasing concentration of 
biolep. Survival of early instars was higher than later instars. The prepupal survival was higher 
than that of exposed and unexposed pupa at constant temperatures. The pupal survival was 
greater at 25°C than other temperatures tested. 
1.2.2.2. Effect of biolep on fecundity and life indices of P. xylostella on cabbage: 
Biolep has caused a significant (P<0.05) effect on fecundity and life indices at constant 
temperatxures. Females of P. xylostella were laying egg 1-day after emergence and peak 
occurred on 3"* day then decreased wdth the advancing of age in both exposed and unexposed 
groups at constant temperatures (Table-1.2.2.2.a.l-4). Oviposition period was shortened by 
biolep concentrations tested at constant temperatures. Oviposition period was shortened to 5-
days by 20 ppm as compared to 8.0 days in the unexposed groups at 25°C while, increased to 7 
days by 5 ppm. Daily fecundity rate (mx) was 33.7, 31.40, 23.6, 20.7 offspring/female on 3"* 
day after emergence with exposure to 5, 10, 15 and 20 ppm, respectively and 36.50 
offspring/female/day produced in the unexposed groups at 25°C. The mx was lower at 10°, 15° 
and 35°C than to 20°, 25° and 30°C for all concentrations of biolep. Post oviposition period 
was reduced to 9, 5,2, 2, 2 and 1 days in treated groups (20 ppm) as compared to 13, 8, 4, 3, 3 
and 1 days at in the untreated groups 10°, 15°, 20°, 25°, 30° and 35°C, respectively. Female 
longevity was 19,15,11, 8 and 5 days in exposed with 20 ppm and 24, 19, 12, 10 and 5 days in 
unexposed individuals at constant temperatures tested, respectively. 
The potential fecundity (Pf) was significantly (P<0.05) differed among the tested 
concentrations at constant temperatures (Table-1.2.2.2.b). The Pf decreased to 14.20 
females/female/generation with exposure to 20 ppm as compared to the unexposed grop where 
30.5 females/female/generation were at 35°C. Higher Pf was obtained at 25°C irrespective of 
concentrations and constant temperature tested. Progeny production was greater at 20° and 
25 °C than that of other constant temperatures. The net reproductive rate (Ro) was concentration 
dependent and significantly differed among the concentrations of biolep. The Ro was minimum 
i.e. 4.19, 10.24, 14.88, 19.58, 7.12 and 1.21 females/female/generation on exposure to 20 ppm 
as compared to 21.49,50.32, 75.98, 69.00,45.54 and 6.02 in the unexposed P. xylostella at 10°, 
15°, 20°, 25°, 30° and 35°C, respectively. The highest Ro was obtained at 20° as compared to 
10°, 15°, 25° 30° and 35°C irrespective of concentrations of biolep. The intrinsic rate of 
increase (rm) was significantly (P<0.05) differed among the concentrations tested at constant 
temperatures. The lowest rm occurred at 10°C as compared to other temperature tested. Progeny 
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production was greater at 30°C than to the 25°C in the untreated control. However, 25°C 
favourably be more suitable than to the other temperatures. The rm was higher 
(0.120females/female/day) treated v^ dth 5 ppm of biolep than to 10, 15 and 20 ppm of biolep at 
25°C. The finite rate of increase (K) was found to be inversely proportional to the 
concentrations tested. Female birth rate was 1.014 and 1.009females/female/day with exposure 
to 20 ppm of biolep as compared to 1.034 and 1.122 females/female/day in unexposed groups 
at 10° and 35°C, respectively. Female birth rate was 1.127 in 5 ppm treated groups and 
increased to 1.142 in the untreated control at 25 °C. The X, was not significantly differed among 
the treated groups of 20, 15 ppm and 10, 5 ppm and the control at 10°C; however it differed 
significantly among the tested concentrations and the imtreated control. Mean generation time 
(Tc) was significantly prolonged to 88.86 days by 20 ppm of biolep as compared to 72.24 days 
in imtreated control at 10°C. P. xylostella completed its generation fast when the temperature 
was increased fi-om 10° to 35°C. Normally a generation is completed in 23.16 days in the 
untreated control whereas; it was prolonged to 34.62 days when treated with 20 ppm of biolep 
at 25°C. Corrected generation time (x) was also differed significantly (P<0.05) among the 
tested concentrations at constant temperatures. The x was prolonged upto 103.5 days when 
treated with 20 ppm as compared to untreated control (91.50 days) at 10°C. The T was 64.5, 
45.5, 39.5, 35.5 and 19.5 days with exposure to 20 ppm and 55.50, 35.50, 31.50, 25.50 and 
15.50 days in unexposed P. xylostella at 15°, 20°, 25°, 30° and 35°C, respectively. Doubling 
time (DT) was decreased in a concentration dependent manner. P. xylostella has taken more 
time i.e. 50.07 and 70.91 days to double its population when exposed to 20 ppm as compared to 
20.67 and 5.98 days in untreated control at 10° and 35°C. P. xylostella multiplied fast at 25° 
and 30°C as compared to other temperatures tested. 
1.2.3.1. Effect of imidacloprid on the life table of P. xylostella on cabbage at constant 
temperatures: 
Results showed that imidacloprid gave a significant (P<0.05) impact on life table 
parameters at constant temperatures. The survivorship (Ix) was prolonged to 121 days by LC50 
as compared to 92 days in untreated control at 10°C. It was reduced to 26 and 24 days by the 
application of LC50 and LC25, respectively at 35°C (Fig. 11). Mortality of immature and adult 
stages was higher by LC50 than to that of LC25 at constant temperatures. Early instars were 
more susceptible to imidacloprid than to late instars (Fig. 12). 
Survival rate was significantiy (P<0.05) differed among the concentration tested at 
constant temperatures (Table-1.2.3.1). Only 51.3% eggs were hatched by LC50 as compared to 
71.7% in unexposed P. xylostella at 35°C. It was noticed that 58.7, 59.0,60.7,61.3,60.7% eggs 
were hatched by LC50 treated group and 74.0, 78.0, 80.7, 81.7 and 81.0% in untreated groups at 
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10°, 15°, 20°, 25° and 30°C, respectively. Survival of 1"' instar was 59.1 and 58.7% in exposure 
to LCsoas compared to unexposed groups at 10° and 35°C, respectively. Higher number of 1'* 
instars were survived i.e. 67.6, 71.1, 62.6% with the treatment to LC25 of imidacloprid and 
80.2, 79.8 and 80.7% in untreated control at 20°, 25° and 30°C, respectively. The Lowest 
numbers of 4* instars were survived with the treatment of LC50 as compared to 3^** instars and 
untreated control. Survival rate of 2"'', 3"* and 4"" instars were higher at 20° and 25°C than 10°, 
15°, 30° and 35°C. Survival of pre-pupa was higher than that of pupa exposed to LC50 and LC25 
at constant temperatures. It was lowest i.e. 55.7% in LC50 exposed as compared to 67.7% in 
imexposed control. 
1.2.3.2. Effect of imidacloprid on fecundity and life indices P. xylostella on cabbage: 
Lethal cocentrations of imidacloprid and constant temperatures exhibited a significant 
(P<0.05) effect on fecundity (Table-1.2.3.2.a.l-2) and life indices of P. xylostella on cabbage. 
P. xylostella laid highest number of eggs on 3'** day after emergence in both exposed and 
unexposed groups at constant temperatures. P. xylostella preferred to lay more eggs at 25 °C 
than the other temperatures tested. Post oviposition period was 10 days in the treatment of LC50 
and LC25, whereas 13 days in untreated groups at 10°C. Female longevity was 24 days in the 
untreated groups and reduced to 17 days when treated with LC50 of imidacloprid. At 25°C P. 
xylostella may able to live for 8 days treated with LC50 and LC25 than to that of 12 days in the 
untreated control. Natality rate (mx) was highest i.e. 18.6 offspring/female/day on 3^'^ day after 
emergence by LC25 and 36.5 in the imtreated control at 25°C. The mx was much lower at 10°, 
15° and 35°C than that of 20°, 25° and 30°C. Progeny production decreases with age in both 
exposed and unexposed P. xylostella at constant temperatures. 
The Potential fecimdity (Pf) was significantly (P<0.05) differed among the 
concentration tested at constant temperatures. 30.50 and 51.60 females/female/generation were 
produced in untreated control and reduced to 8.5 and 9.7 by LC50 and LC25 at 35° and 10°C, 
respectively. A greater number of females were bom at 25°C at both LC50 and LC25 than the 
other temperatures tested. The Pf increases with increase of temperature fi"om 10° to 25 °C and 
then decreases with increasing temperatures from 30° to 35°C (Table-1.2.3.2.b). The net 
reproductive rate (Ro) was concentration dependent at constant temperatures. The Ro was 
lowest i.e. 0.26 females/female/generation in treated with LC50 as compared to 6.02 in 
untreated control at 35°C. The highest Ro occurred in the untreated control at 20°C so that P. 
xylostella can reproduce favourably at this temperature but it was 
13.35females/female/generation when treated with LC25 of imidacloprid at 25°C. The intrinsic 
rate of increase (rm) was found to be inversely proportional to concentration tested. Negative 
values of rm were fatal to P. xylostella exposed to both LC25 and LCsoat 10° and 35°C. The x^ 
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was higher at 30°C in the untreated control than to that of 25°C. A significantly different 
(P<0.05) values of the rm was determined when treated with LC25 and LC50 at 20°, 25° and 
35°C. The finite rate of increase (X,) was significantly (P<0.05) affected by lethal concentrations 
of imidacloprid at constant temperatures. Female birth rate decreased to 0.948 and 0.989 
females/female/day with LC50 of imidacloprid at 35° and 10°C, respectively. It was higher i.e. 
1.049, 1.066 and 1.033 in exposed to LC25 whereas 1.129, 1.142 and 1.160females/female/day 
in unexposed P. xylostella at 20°, 25° and 30°C, respectively. Mean generation time (Tc) was 
significantly differed among the concentration tested. Duration was greatly prolonged to 107.38 
and 101.55 days for completion of a single generation when treated with LC25 and LC50 
imidacloprid as compared to untreated control (72.24 days) at 10°C. While, 21.31 days were 
required by P. xylostella to complete one generation compared to 13.28 days in unexposed 
groups at 35°C. Corrected generation time (x) also was significantly (P<0.05) prolonged to 
120.50 days and 115.5 days treated with LC50 and LC25 of imidacloprid, respectively as 
compared to 91.50 days in imtreated control at 10°C. The T was longer i.e. 76.50, 49.50, 44.50, 
38.50 and 25.50 days in the LCso exposed groups than to 55.50, 35.50, 31.50, 25.50 and 15.50 
days in the unexposed groups at 15°, 20°, 25°, 30° and 35°C, respectively. Doubling time (DT) 
was significantly (P<0.05) affected by lethal concentrations of imidacloprid at constant 
temperatures. Negative values of DT were showing that the population declined toward 
extinction with the treatment of LC25and LC50 of imidacloprid at 10° and 35°C. Doubling time 
was prolonged by LC50 and LC25 as compared untreated control irrespective of constant 
temperatures. Population of P. xylostella will become double to build up its population within a 
cropping season when treated with LC50 and LC25 at 20° and 25°C. 
The present findings showed that cauliflower and cabbage both are preferred host plants 
of P. xylostella and significantly differed in their impact on the life table parameters under the 
influence of biopesticides at constant temperatures. Temperature has significantly (P<0.05) 
affected the life table parameters of P. xylostella. It is a critical abiotic factor influencing the 
dynamic of insects (Roy et al, 2002). However, host plant has significantly affected the 
development and reproduction parameters of P. xylostella (Wakisaka et al, 1992, Sarfi-az et al, 
2007, Ahmad, 2009). Life history of DBM can vary considerably depending upon 
environmental conditions and host plants (Shelton et al, 1991, Syed and Abro, 2003). The 
survivorship (Ix) was prolonged to 121 days with LC50 of imidacloprid on cabbage at 10°C this 
duration was higher than that of treated and untreated groups among the concentrations tested 
at constant temperatures. 20 ppm of neemazal has also increased the siurivorship to 42 days as 
compared to 29 days on cauliflower (only) at 25°C. However, 20 ppm of biolep has enhanced 
the survWorship to 38 days on cauliflower but 43 days were determined after exposxxrc to LC50 
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of imidacloprid at 25°C. Survivorship was 44 days by exposure of 20 ppm of neemazal at 25°C 
on cabbage. It was reduced to 40 days when treated with 20 ppm of biolep and 45 days after 
exposure with LC50 of imidacloprid at 25°C. Whereas, survivorship (Ix) of P. xylostella also 
increases from 33, 35, 38 and 40 days when cauliflower leaves exposed to 5, 10, 15 and 20 
mgL'' of neemarin as compared to 29 days in control (Ahmad et al., 2012b). A significantly 
prolonged survivorship was obtained in the females of P. xylostella 20 ppm neemazal as 
compared to males. Contrary results obtained by Stark and Wermergren, (1995) where nymphs 
and adults of Acyrthosiphon pisum treated with Morgosan-0 was reduced in a concentration 
dependent manner. Maximum survivorship of adults was 23 days at lOOmgL'' as compared to 
32 days in the control. Reduction in survivorship is also reported by by Lashkari et al. (2007) 
on B. brassicae by imidacloprid, Ansari et al. (2008) on P. xylostella by imidacloprid, Yin et 
al. (2009) on P. xylostella by spinosad. Female survivorship of P. xylostela was significantly 
prolonged in neemazal at 20 ppm as compared to male (Ahmad et al, 2012a). 
The lowest mortality of populations in those days (1*' and 2"** instars) can be the critical 
reason of this increasing in life expectancy of control and treatments. After that, mortality rate 
increased and may be this event caused to decrease in life expectancy. ]n present study, 
hatching of eggs were reduced when P. xylostella reared on treated cabbage as compared to 
treated cauliflower irrespective of concentrations and constant temperatures. Only 43.33% eggs 
were hatched by 20 ppm of neemazal as compared to 73% in untreated control on cauliflower 
at 35°C. However, highest (83.10%) number of eggs were hatched by 5 ppm of biolep on 
cauliflower, and reduced to 79% by 5 ppm of biolep on cabbage at 25°C. 61.52% hatching 
occurred on cauliflower and 60% on cabbage when exposed to 20 ppm of neemazal at 25 °C. 
According to Saeed et al. (2010) that the number of egg hatched was highest (80%) when the 
larvae of P. xylostella fed on cauliflower. In the results of Ahmad et al. (2012b) who observed 
that egg hatching was considerably affected with increasing of concentrations of neemarin from 
5 to 20mgL''. A total of 15% unhatched eggs were obtained in the untreated control, while 31% 
at 20mgL''. Sublethal concentrations of indoxacarb had no significant effect on the hatchability 
of eggs of P. xylostella (Mahmoudvand et al, 2011a). It may be due to inappropriate 
incorporation of yolk so that the embryo failed to complete the development phase (Kaur et al., 
1993). However, Kumar and Chapman (1984) suggested that reduction in hatching may be due 
to inability to the embryos to perforate surrounding vitelline membrane, and probably due to 
weakened chitinous mouth hook assembly required for hatching (Wilson and Cryan, 1997). 
However, when eggs were treated with agroneem, ecozin and neemix, 61.6%, 66.2%, and 
75.2% of P. xylostella eggs were developed to neonates, respectively (Liang et al, 2003). 
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Larval survival of P. xylostella was higher at 20° and 25°C on Brassica hosts and 
reduced at 30°C in the present study. Insect survival tends to be reduced by extreme 
temperature (Asante et al, 1991, Shanower et al, 1993). l*" instars were survived to 58.7% 
treated with LCsoof imidacloprid and 70.7% on cabbage only at 35°C. Survival of 2"** instars 
was 81.25% exposed to 5 ppm of biolep on cabbage and 83.13% by 5 ppm of biolep on 
cauliflower at 25°C, showing that survival of 2"** instars on cauliflower was greater than those 
reared on cabbage. Survival of pupa was shortened to 79.38 and 77.52% by LC50 of 
imidacloprid on cauliflower and cabbage, respectively at 25°C. It was increased to 79.83 and 
81.53% by LC25 of imidacloprid on cabbage and cauliflower, respectively at 25°C. Similarly, 
lower concentrations gave higher survival to immature stages than to the higher concentrations 
that provided lower survival at constant temperatures. Survival rate of P. xylostella from egg to 
adult emergence were 19.2, 76.1, 73.7 and 50.9% at 10°, 20°, 28° and 30°C, respectively on 
cabbage (Liu et al., 2002). However, Fujiwara et al. (2002) stated that survival rate was 
considerably lower at 33°C than to the other temperatures, and the difference between the 
treated and untreated groups was amplified at 33°C. The survival of immature stage of P. 
xylostella was reduced wdth increasing temperature from 25° to 33°C (Wakisaka et al, 1992). 
Higher survival rates can be attributed to the cultivars of host plants, host plant ages and strains 
of P. xylostella (Shirai, 2000) but insect survival did not differ among the Brassicaceae plants 
(Sarfraz et al., 2007). Charleston and Kfir (2000) observed that mean percentage survival was 
highest on cabbage (70%) followed by broccoli (67%), cauliflower (58%) and finally Indian 
mustard. Badenes-Perez et al. (2004) reported that the percentage larval survival from egg to 
pupation P. xylostella was 22.2% on cabbage, 18.9% on waxy coUards, and 24.4% on Indian 
mustard. DBM larvae successfiilly survived on cauliflower, cabbage, kohlrabi and canola, 
although survival rate was lowest on canola (70,56%) (Golizadeh et al., 2009a). While, Guo 
and Qin (2010) showed that the survival rates were 58.3, 86.2, 77.6 and 72.2% at 10°, 15°, 20°, 
25°, 28° and 30°C, respectively on cabbage. Saeed et al. (2010) found that larvae of P. 
xylostella fed on turnip (5. rapa) had considerably reduced survival rates as compared to 
cauliflower, cabbage, mustard, canola and radish and it was due to heavy early instars mortality 
and unsuitability of the host plant. While, survival of larvae of P. xylostella fed on the leaves 
treated with agroneem, ecozin and neemix died on or before day 7 compared with 70-74% 
larvae surviving to aduhs in the water control (Liang et al. 2003). Exfracts of M azedarach and 
A. indica caused adverse effect on survival of P. xylostella (Charleston et al., 2006). Survival of 
larvae fed for 9 days on leaves treated with neem-based insecticides was reduced to 51,49, 48, 
24 and 18% in the neem oil, neemix, agroneem, ecozin and neem leaf powder treatments, 
respectively (Hasan and Ansari, 2011). A substantial reduction in survival of immature of P. 
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xylostella was also observed at 5, 10 and 15mgL"' of neemarin, while survival of early instars 
was significantly lowest at 20mgL'' and the highest at 5mg L'^  and the control (Ahmad et ai, 
2012b). However, it was reported that Neemix 4.5 had stronger adverse effect on the survival 
of P. xylostella larvae (Liu and Liu, 2005). According to Kumar and Chapman (2006) that 
LCi and LC50 of permethrin, fenvalerate, methamidophos and carbaryl reduced the number of 
larvae surviving to pupae, the number of pupae surviving to adulthood, and cocoon formation 
in pupae. Whereas, the survival rate of the offspring at immature stages was lower in the LC25 
and LCso of Spinosad groups than to the control groups (Yin et al., 2008), while survival rate of 
pre-adult stages of P. xylostella declined significantly at LC25 concentration of hexaflumuron 
(Mahmoudvand et al., 201 lb). 
Cauliflower and cabbage varieties have significantly affected the production of eggs of 
P. xylostella treated with biopesticides and insecticides at constant temperatures. 248.4 and 
233.0 eggs were found when P. xylostella reared on cauliflower and cabbage only, respectively 
at 25''C but significantly decreased when treated with 20, 15, 10 and 5 ppm of neemazal and 
biolep and LC25 and LC50 of imidacloprid on cauliflower and cabbage at 25°C. Egg production 
was increased fi-om the increase of temperature fi-om 10° to 25°C and then decreased above 
30°C. Egg production was decreased when treated with 5 to 20 ppm of neemazal and biolep as 
well as LC25 and LC50 of imidacloprid in the present study. Ahmad et al. (2012b) found that 
females of P. xylostella started laying eggs 1-day after emergence and the peak occurred on 3-
day, then decreased down with advancing age in both exposed and unexposed females. 
Harcourt (1957) found 18-356 eggs/female of P. xylostella with an average of 159eggs/female. 
Egg production by females of P. xylostella decreases with temperature increase (Shirai, 2000). 
Highest numbers of eggs (258.68) of P. xylostella were collected at 20°C i.e. in 12 days and the 
smallest (25 eggs/female) at 35°C in three days (Ahmad, 2009). The highest numbers of eggs 
(241 eggs/female) were recorded at 25°C and lowest (52 eggs) at 33°C (Wakisaka et al., 1992). 
Eggs production of P. xylostella is inhibited by the temperature above 30°C (Yamada and 
Kawasaki, 1983). Syed and Abro (2003) reported that DBM fecundity on cauliflower; cabbage 
and B. napus were 213.3, 190.0 and 82.0 eggs, respectively. Canola received highest number of 
eggs (350) follow by cauliflower (268) and minimum (184) on cabbage (Saeed et ai, 2010). 
Oviposition period was 7 days treated with 15, 10 and 5 ppm of biolep and 5 ppm of neemazal 
as compared to 10 and 5 ppm of biolep and 10 ppm of neemazal on cauliflower and cabbage at 
25°C. Shortest oviposition period was 2 days by 20 ppm of neemazal and LC50 of imidacloprid 
on cabbage at 35°C. Das and Choudhury (2007) reported that higher temperature reduced the 
oviposition period than to the imtreated control. Post oviposition period is variable and 
concentration dependent of neemazal, biolep and imidacloprid at constant temperatures. 
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Oviposition period of P. xylostella was reduced to 6-days when treated with 20 mgl'' of 
neemarin as 8 days in the untreated control. However, post oviposition period was 2-days in 
both exposed and unexposed individuals (Ahmad et al, 2012b) and also significantly reduced 
the fecxmdity and longevity of adults. Similar findings on P. xylostella were noticed by Liang et 
al. (2003) and on P. brassicae by Hasan and Ansari (2011). Unexposed females continue to lay 
the eggs up to 9-days while, 7-days in the females exposed with 20 mgL"' of neemarin (Ahmad 
et al., 2012b). Oviposition period at 20 and 15 ppm of neemazal, neemix and neemexcel was 
significantly shorter than those for other concentrations and the control. The post-oviposition 
period was also shortest (1.97 days) for neemazal at 20 ppm, which was significantly different 
fi-om the untreated control and other concentrations (Ahmad et al., 2012a). Longevity of the 
female was 5 days at 35°C. Therefore, temperature has pronounced effect on longevity. 
However, longevity was not significantly affected when treated with neemazal, biolep and 
imidacloprid as compared to control in both cauliflower and cabbage at constant temperatures. 
The same result reported by Wakisaka et al (1992) that longevity of female P. xylostella was 
shortened with increasing temperature fi-om 25° to 33°C, although longevity of adult of P. 
xylostella showed a great variability fi-om location to location. Females lived for 30.6 days at 
18°C and 49.8 days at 20°C (Harcourt, 1957). Longevity decreased fi-om increasing 
temperature from 20° to 30°C (Liu et al, 1985) and from 17.5° to 30°C (Yamada et al, 1980). 
Adult longevity of P. xylostella was decreased by LC25 of indoxacarb (Mahmoudvand, 201 Ic). 
Whereas, female longevity P. xylostella was longer than male freated with 20 ppm neemazal 
(Ahmad et al. 2012a). Pyrethroids and methamidophos reduced the longevity of the adults 
whereas carbaryl increased it (Kumar and Chapman, 1984), While, untreated females lived 
longer (11-days) than the females (9-days) when exposed to 20 mgL"'(Ahmad et al. 2012b) 
Daily fecxmdity rate (mx) was highest on 3^** day and gradually decreased down 
irrespective of biopesticides and insecticides and constant temperatures. The mx was greater on 
cauliflower treated with insecticides than that of cabbage at 25°C. Daily fecundity rate (mx) of 
P. xylostella was significantly greater (31 offspring/day) in the untreated control than 13 
offspring/day when treated with 20mgL'' (Ahmad et al. 2012b). The potential fecundity (Pf) 
was significantly affected by concentrations of neemazal, biolep and imidacloprid on 
cauliflower and cabbage at constant temperatures. A total of 69.90females/female/generation 
obtained by 5 ppm of neemazal on cabbage and while the same concentration of neemazal has 
produced 75.9 on cauliflower at 25°C but 101.3females/female/generation obtained by 5 ppm 
of biolep and 124.20 in unexposed P. xylostella on cauliflower at 25 °C in the present study. 
Fecundity of females was reduced with increasing temperature from 25° to 33°C (Wakisaka et 
al, 1992). Total fecundity ranged from 106.21 to 440.90 eggs on cabbage cultivar 'Scarlet 
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Ohara' and 'Globe Master', respectively. However, cauliflower and cabbage appeared to be 
more appropriate to oviposition than the other hosts (Golizadeh et al, 2009). Enkegaard (1993) 
and Yang et al. (1994) opined that the number of offspring produced increases with 
temperature but high temperature reduced fecundity. Golizadeh et al. (2009a) observed that the 
highest fecundity of P. xylostella also observed on cauliflower and common cabbage. Whereas, 
Kamavar (1987) reported that azadirachtin affected the ovarian development, fecundity and 
fertility. Fecundity was progressively decreased with increasing concentrations of azadirachtin 
(Pineda et al., 2009). Fecundity of untreated P. xylostella was significantly greater than those 
exposed to imidacloprid (Lashkari et al, 2007, Ansari et al., 2008). Fecundity was significantly 
affected by application of azadirachtin and neem seed oil on A. glycines (Kraiss and Cullen 
2008). A. pisum exposed to Morgosan-0 as neonates undergo a huge decrease in the fecundity 
rates and became zero after exposure to higher than to 40mgL"'. For aphids exposed as adults, 
the fecundity was reduced in a concentration dependent manner and greatly reduced to 20% for 
an exposure of 100 mgL"* compared with a maximum fecundity of 90% for the control (Stark 
and Weimergren, 1995). Extracts of M azedarach and A. indica caused an adverse effect on 
fecundity of P. xylostella (Charleston et al, 2006). Fecundity of P. xylostella was inversely 
proportional to the concentration of neem insecticides, while it was significantly lower 
(34females/female/generation) at 20 mgf' of neemazal than to the control (92females/ 
female/generation) (Ahmad et al., 2012 a, b). Reduction in fecundity of P. xylostella was also 
observed when, exposed to sublethal concentrations of hexaflumuron and indoxacarb 
(Mahmoudvand et al. 2011a, b). Pyrethroids and methamidophos also inhibited P. xylostella 
fecundity (Kimiar and Chapman, 1984). Spinosad strongly reduced the fecundity, egg size and 
reproductive effort (fecundity/egg size), and the hatchability of smaller eggs tended to be lower 
in treated groups (Yin et al., 2008, 2009). However, radish, oilseed rape, and cabbage host 
plants pretreated fenvalerate at LC20, LC50 and LCgo, inhibited fecundity as compared with 
insects in control treatments fed on the same host plant species (Hui et a/. 2010). 
In present study, host plants significantly affected the net reproductive rate (Ro) and 
were also significantly differed to concentrations tested at constant temperatures. A 
significantly reduced Ro was 0.26 and 0.29 females/female/generation with exposure to LC25 of 
imidacloprid on cabbage at 35° and 10°C, respectively. A total of 
59.80females/female/generation were produced treated with biolep 5 ppm on cauliflower at 
25°C and reduced to 55.91 from the same concentration and temperature on cabbage. The 
reproduction rate was higher when P. xylostella reared on cauliflower than cabbage under the 
influence of biopesticides at constant temperatures. However, the Ro was highest at 25 °C 
(197.03females/female) and lowest at 33°C (4.88females/female) in P. xylostella (Wakisaka el 
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al, 1992), whereas the highest Ro obtained at 22.5°C and lowest at 30°C in P. xylostella 
(Koshihara, 1986). While, Shirai (2000) found a higher net reproductive rate between 29° and 
Sl^C as larval developmental periods are extremely short at such high temperature, although 
egg production by females decrease with temperature increase. However, Lashkari et al. 
(2007) found that imidacloprid and pymetrozine reduced Ro in B. brassicae. Zhuang et al. 
(2010) showed that avermectin resistant population had significantly lower Ro (75% of the 
susceptible population) as compared to the susceptible population at 33.5°C and also to those at 
25°C. Yin et al. (2008, 2009) concluded that LC25 and LC50 concentrations of spinosad 
significantly decreased the Ro as compared to untreated in P. xylostella. Mahmoudvand et al. 
(2011a, b) reported that the Ro was greatly reduced when P. xylostella exposed to sublethal 
concentrations of indoxacarb and hexaflumuron. The reproduction rate (Ro) was also reduced at 
20mgr' of neemarin as compared to 25.18females/female/generation in the unexposed groups 
(Ahmad et al., 2012b). Kaur et al. (2001) also suggested that the number of females over 
generation (Ro) declined as a function of pesticide concentration and it was confirmed by Stark 
and Wennergren (1995) that number of females per generation (Ro) was as a function of 
pesticide. 
The intrinsic rate of increase (rm) is a reflective of many factors such as fecundity, 
survival and generation time and adequately summarizes the physiological qualities of an 
animal in relation to its capacity to increase, it would be a most appropriate index to evaluate 
the performance of an insect on different host plants as well as the host plant's resistance 
(Kocourek et al, 1994, Southwood and Henderson, 2000). Therefore, Stark et al (2007) have 
strongly advocated that the mostly used measwes of effect in LTREs are the rm because a total 
measure of the population-level effect can be determined with one number. When rm is zero, 
the population is stable (unchanging), when the rm is positive number the population is 
increasing exponentially and when the rm is negative, the population is declining exponentially 
towards the extinction. The rm has also been recommended together with toxicity assessment to 
provide a more accurate estimate of population-level-effect of toxic compounds (Stark et al. 
1997, Walthall and Stark, 1996, Forbes and Calow, 1999). Most of the pesticides have an 
ability to decrease the intrinsic rate of increase (rm) for some insects (Lashkari et al, 2007). 
Host plants and biopesticides have significantly affected the intrinsic rate of increase (tm) of P. 
xylostella at constant temperature. Negative values of rm have occurred when P. xylostella 
exposed to 20 and 15 ppm of neemazal and LCsoand LC25 of imidacloprid on cauliflower and 
cabbage at 10° and 35°C, respectively showing that the population of P. xylostella heading 
towards extinction. A greater value of rm i.e. 0.058 females/female/day has occured with 5 ppm 
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of biolep on cauliflower at 25°C, while the same concentration gave 0.052 on cabbage than to 
other concentrations tested. However, 0.047females/female/generation was determined by 5 
ppm of neemazal on cauliflower and 0.042 by 5 ppm on cabbage at 25°C. The rm values were 
higher in the untreated control on cauliflower than on untreated cabbage at 30°C. Wakisaka et 
al. (1992) stated that rm increased as temperature rises, however, lowest at 33°C and highest at 
30.5°C i.e. 0.3628females/female/day but Golizadeh et al. (2007) reported that the r^ was 
highest at 25°C (0.285females/female/day). However, Das and Chaudhury (2007) observed that 
a higher level innate capacity for increase in number (O.lOlfemales/female/generation) during 
February-March resulted in a higher level of infestation in March-April. Golizadeh et al. 
(2009a) obtained highest and lowest rm values on cauliflower and canola (0.293 and 0.244), 
respectively. When neonates oiA. pisum were exposed to different concentration of Margosan-
O, rm was reduced in a concentrations dependent manner and become negative at 60 mgL'' of 
Morgosan-0 showing that population would be at the verge of extinction (Stark and 
Wennergren, 1995). A significantly declined rm was obtained by imidacloprid for population of 
A. pisum (Walthall and Stark, 1996), B. brassicae (Lashkari et al, 2007) and P. xylostella 
(Ansari et al, 2008). However, smallest r„ occurred at 20 mgL'' of neemarin and highest 
(0.049 females/female/day) in the untreated control (Ahmad et al. 2012b). Zhuang et al. (2010) 
discussed that avermectin resistant population of P. xylostella had significantly lower rm (64% 
of the susceptible population) at 33.5°C. However, LC25 and LC50 concentrations of spinosad 
decreased rm in P. xylostella (Yin et al, 2008, 2009), while sublethal concentrations of 
indoxacarb and hexaflumuron significantly decreased the rm of P. xylostella (Mahmoudvand et 
a/., 201 la, b). 
The value of finite rate of increase (k) is less than one then the population is declining 
which is obtained by exposure of 20 ppm of neemazal on cauliflower at 10° and 35°C, LC50 of 
imidacloprid on cauliflower at 10° and 35°C. Progeny production was greater when P. 
xylostella exposed to 5 ppm of biolep on cauliflower than to cabbage at 25°C. It was shortened 
after treatment with LC50 and LC25 of imidacloprid on cabbage as compared to cauliflower at 
constant temperatures. While, Lashkari et al. (2007) found that imidacloprid and pymetrozine 
decreased the X, of the cabbage aphid, B. brassicae. According to Zhuang et al. (2010) that the 
finite rate of increase (X,) was lower in avermectin resistant population than to susceptible at 
33.5°C as compared to those at 25°C. l.lllfemales/female/day produced by the unexposed P. 
xylostella and considerably lower birth (1.024females/female/day) was observed by exposure at 
20 mgL"' of neemarin (Ahmad et al. 2012b). 
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In the present study, the mean generation time (Tc) was significantly differed with the 
exposvire to tested concentrations of neemazal, biolep and imidacloprid and unexposed groups 
on cauhflower and cabbage at constant temperatures. A greatly delayed generation time (107.3 
days) was obtained when exposed to LC50 of imidacloprid on cabbage at 10°C. P. xylostella 
can complete a single generation in 21.41 days in unexposed groups as compared to 26.9 days 
exposed to 5 ppm of neemazal on cauliflower at 25°C. Almost similar trend of corrected 
generation time (t) was also obtained by treatment of neemazal, biolep, LC50 and LC25 of 
imidacloprid on cauliflower and cabbage at constant temperatures. Shortest generation time 
was found at 30.50°C (15.51 days) and delayed to 19.02 days at 25.0°C (Wakisaka et ai, 
1992), while Koshihara (1986) reported shortest mean generation time of P. xylostella at 
27,50°C (15.93 days) and highest at 22.5°C (19.13 days). However, the Tc was the longest on 
cabbage as compared to cauliflower (Golizadeh et ai, 2009). While, P. xylostella can be able to 
complete one generation (Tc) in 33.98 days under the influence of 20 mgL"' of neemarin and 
21.07 days in the control (Ahmad et al., 2012b). The Tc was also decreased as Morgosan-O 
concentration increased and the population oiA. pisum exposed from birth was more affected 
than the population exposed as adult (Stark and Wennergren 1995). Imidacloprid and 
pymetrozine reduced the Tc of the cabbage aphid, B. brassicae (Lashkari et al., 2007). 
Corrected generation (x) was significantly prolonged to 39.50 days at 20mgr' and decreased 
down gradually at 15, 10, 5 mgf' of neemarin. It was also observed that P. xylostella was 
multiplied to become double in 6.12 days in untreated control and significantly delayed to 
28.42 days at 20 mgl"' of neemarin (Ahmad et al, 2012b). Doubling time of populations may 
reflect an increase in the time it took for survivors to compensate for loss of individuals. 
Population of P. xylostella will become double in 4.2 days in the untreated control at 30°C as 
compared to 4.46 days at 25°C on cauliflower. A substantial increase in the DT was determined 
in the untreated control at 25° and 30°C on cabbage. Negative values and a very prolonged DT 
was determined by 20 ppm of neemazal at 10°C and 20 and 15 ppm of neemazal at 35°C, LC50 
and LC25 of imidacloprid at 10° and 35°C on cabbage where P. xylostella can't be able to 
multiply and unable to produce progeny in the next generation. Das and Chaudhiuy (2007) 
reported that adults of February-March generation resulted shorter doubling time (6.887 days) 
and higher weekly multiplication rate (2.027) and higher level of infestation in March-April. 
The population multiplied weekly @ 2.027 and 1.650 times in both generations respectively. 
While, Dabhi et al. (2009) obtained that population of P. xylostella was multiplied @ 3.1963 
times per week. However, Lashkari et al. (2007) found that imidacloprid and pymetrozine 
increased the DT of B. brassicae. In the study by Yin et al (2008) that LC25 and LC50 
concentrations of spinosad increased doubling time in P. xylostella. Population of B. brassicae 
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exposed to imidacloprid had more time to compensate for lost of individuals (Lashkari et al, 
2007) and same results are also reported by Ansari et al. (2008) on P. xylostella by application 
of imidacloprid and Mahmoudvand et al. (2011 a, b) on P. xylostella by sub lethal 
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Fig.2. Effect of neemazal on the mortality of P. xylostella on cauliflower at constant temperatures 
































































































































































































































































































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 




X Ix mx 
0.5-66.5 Immature stage 
Ro 































































































0.5-35.5 Immature stage 
35.5-36.5 Pre-oviposition Period 























































































































0.5-22.5 Immature stage 
22.5-23.5 Pre-oviposition Period 
23.50 0.89 28.20 25.10 
24.50 0.89 40.50 36.05 
25.50 0.89 17.40 15.49 
26.50 0.84 11.30 9.49 
27.50 0.77 6.20 4.77 
28.50 0.68 4.30 2.92 
29.50 0.60 2.80 1.68 
30.50 0.51 1.30 0.66 
31.50 0.41 1.20 0.49 
32.50 0.30 0.00 0.00 
33.50 0.18 0.00 0.00 
34.50 0.08 0.00 0.00 
113.20 96.65 
0.5-18.5 Immature stage 
18.5-19.5 Pre-oviposition Period 
19.50 0.71 24.60 17.47 
20.50 0.71 36.80 26.13 
21.50 0.71 20.40 14.48 
22.50 0.68 15.30 10.40 
23.50 0.65 12.20 7.93 
24.50 0.57 7.30 4,16 
25.50 0.48 5.40 2.59 
26.50 0.38 2.20 0.84 
27.50 0.26 0.00 0.00 
28.50 0.12 0.00 0.00 
124.20 84.00 
0.5-15.5 Immature stage 
15.5-16.5 Pre-oviposition Period 
16.50 0.73 20.30 14.82 
17.50 0.73 31.50 23.00 
18.50 0.71 12.40 8.80 
19.50 0.66 5.50 3.63 
20.50 0.58 4.40 2.55 
21.50 0.48 2.50 1.20 
22.50 0.37 0.00 0.00 
23.50 0.25 0.00 0.00 
24.50 0.12 0.00 0.00 
76.60 54.00 
0.5-10.5 Immature stage 
10.5-11.5 Pre-oviposition Period 
11.50 0.25 11.50 2.88 
12.50 0.25 14.80 3.70 
13.50 0.20 7.60 1.52 













































X Ix "Ix 

















































































































































0.5-38.5 Immature stage 
38.5-39.5 Pre-oviposition Period 
39.50 0.21 6.60 
40.50 0.21 13.40 
41.50 0.21 7.30 
42.50 0.21 4.50 
43.50 0.21 2.60 
44.50 0.20 1.80 
45.50 0.18 1.30 
46.50 0.15 0.00 
47.50 0.10 0.00 
48.50 0.04 0.00 
37.50 












34.5-35.5 Pre-oviposition Period 
35.50 0.26 8.50 
36.50 0.26 15.70 
37.50 0.26 8.30 
38.50 0.24 5.60 
39.50 0.19 3.40 
40.50 0.12 0.00 
41.50 0.05 0.00 
41.50 









30.5-31.5 Pre-oviposition Period 
31.50 0.12 6.80 
32.50 0.12 13.20 
33.50 0.12 5.80 
34.50 0.11 3.20 
35.50 0.09 1.40 
36.50 0.06 0.00 
37.50 0.02 0.00 
30.40 









18.5-19.5 Pre-oviposition Period 
19.50 0.04 3.40 
20.50 0.04 4.70 
21.50 0.03 2.30 











































X Ix m. 
0.5-87.5 Immature stage 
Ro 






















































































































































0.5-34.5 Immature stage 
34.5-35.5 Pre-oviposition Period 
35.50 0.30 8.30 
36.50 0.30 14.70 
37.50 0.30 10.20 
38.50 0.30 6.30 
39.50 0.30 3.40 
40.50 0.28 2.30 
41.50 0.25 1.40 
42.50 0.21 1.20 
43.50 0.16 0.00 
44.50 0.11 0.00 
45.50 0.05 0.00 
47.80 













30.5-31.5 Preoviposition Period 
31.50 0.34 11.40 
32.50 0.34 18.70 
33.50 0.34 9.40 
34.50 0.34 6.80 
35.50 0.30 4.30 
36.50 0.24 0.00 
37.50 0.16 0.00 
38.50 0.07 0.00 
50.60 










27.5-28.5 Pre-oviposition Period 
28.50 0.20 11.30 
29.50 0.20 14.40 
30.50 0.20 7.20 
31.50 0.18 4.70 
32.50 0.15 2.60 
33.50 0.11 0.00 
34.50 0.05 0.00 
40.20 









17.5-18.5 Pre-oviposition Period 
18.50 0.08 5.60 
19.50 0.06 6.80 
20.50 0.06 2.80 













































X Ix nix 
0.5-85.5 Immature stage 
Ro 















































































0.5-51.5 Immature stage 








































































































0.5-29.5 Immature stage 
29.5-30.5 Pre-oviposition Period 
30.50 0.39 11.40 
31.50 0.39 16.50 
32.50 0.39 12.30 
33.50 0.39 7.20 
34.50 0.39 5.50 
35.50 0.37 2.40 
36.50 0.35 2.10 
37.50 0.32 1.30 
38.50 0.27 1.00 
39.50 0.23 0.00 
40.50 0.17 0.00 
41.50 0.08 0.00 
59.70 














27.5-28.5 Pre-oviposition Period 
28.50 0.43 14.50 
29.50 0.43 20.60 
30.50 0.43 12.40 
31.50 0.40 7.80 
32.50 0.35 5.20 
33.50 0.26 3.30 
34.50 0.17 0.00 
35.50 0.08 0.00 
63.80 










25.5-26.5 Pre-oviposition Period 
26.50 0.31 10.60 
27.50 0.31 16.30 
28.50 0.31 9.20 
29.50 0.29 5.70 
30.50 0.25 3.20 
31.50 0.20 1.40 
32.50 0.13 0.00 
33.50 0.06 0.00 
46.40 










16.5-17.5 Pre-oviposition Period 
17.50 0.10 5.80 
18.50 0.10 7.20 
19.50 0.07 4.60 















































X Ix nix 
0.5-82.5 Immature stage 
Ro 
82.5-83 Pre-oviposition Period 
83.50 0.23 4.80 
84.50 0.23 8.60 
85.50 0.23 4.20 
86.50 0.23 3.70 
87.50 0.23 3.20 
88.50 0.23 2.50 
89.50 0.23 2.20 
90.50 0.22 1.80 
91.50 0.21 1.50 
92.50 0.19 1.20 
93.50 0.17 0.00 
94.50 0.15 0.00 
95.50 0.14 0.00 
96.50 0.11 0.00 
97.50 0.09 0.00 
98.50 0.06 0.00 
99.50 0.04 0.00 
100.50 0.02 0.00 
101.50 0.01 0.00 
33.70 





















48.5-49.5 Pre-oviposition Period 
49.50 0.41 10.80 4.43 
50.50 0.41 21.50 8.82 
51.50 0.41 9.20 
52.50 0.41 6.40 
53.50 0.41 3.80 
54.50 0.40 2.70 
55.50 0.38 2.30 
56.50 0.36 1.20 
57.50 0.33 0.00 
58.50 0.30 0.00 
59.50 0.26 0.00 
60.50 0.23 0.00 
61.50 0.19 0.00 
62.50 0.15 0.00 
63.50 0.10 0.00 
64.50 0.04 0.00 
57.90 
















26.5-27.5 Pre-oviposition Period 
27.50 0.48 14.20 
28.50 0.48 24.80 
6.82 
11.90 













































29.50 0.48 12.30 5.90 
30.50 0.48 9.20 4.42 
31.50 0.46 5.40 2.48 
32.50 0.43 2.60 1.12 
33.50 0.38 1.40 0.53 
34.50 0.34 1.30 0.44 
35.50 0.29 1.00 0.29 
36.50 0.24 0.00 0.00 
37.50 0.18 0.00 0.00 
38.50 0.11 0.00 0.00 
39.50 0.04 0.00 0.00 
33.20 15.19 
0.5-24.5 Immature stage 
24.5-25.5 Pre-oviposition Period 
25.50 0.52 17.40 9.05 
26.50 0.52 28.70 14.92 
27.50 0.52 13.50 7.02 
28.50 0.52 8.30 4.32 
29.50 0.48 4.50 2.16 
30.50 0.41 2.20 0.90 
31.50 0.31 1.30 0.40 
32.50 0.20 0.00 0.00 
33.50 0.08 0.00 0.00 
75.90 38.77 
0.5-23.5 Immature stage 
23.5-24.5 Pre-oviposition Period 
24.50 0.37 11.40 4.22 
25.50 0.37 21.30 7.88 
26.50 0.37 10.20 3.77 
27.50 0.35 6.50 2.28 
28.50 0.31 3.20 0.99 
29.50 0.24 1.00 0.24 
30.50 0.16 0.00 0.00 
31.50 0.07 0.00 0.00 
53.60 19.38 
0.5-15.5 Immature stage 
15.5-16.5 Pre-oviposition Period 
16.50 0.13 6.80 0.88 
17.50 0.13 9.60 1.25 
18.50 0.10 4.80 0.48 




















































































































































































































































































































































































































^ 20 ppm 
—^ 15 ppm 
• 10 ppm 
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Fie.4. Effect of biolep on the mortality of P. xvlostella on cauliflower at constant temperatures 
































































































































































































































































































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 




X Ix m. 
0.5-80.5 Immature stage 
Ro 
80.5-81.5 Pre-oviposition Period 
81.5 0.17 7.5 
82.5 0.17 9.3 
83.5 0.17 4.3 
84.5 0.17 3.2 
85.5 0.17 2.4 
86.5 0.17 2.3 
87.5 0.17 2 
88.5 0.17 1.4 
89.5 0.17 1.3 
90.5 0.16 1.2 
91.5 0.15 0 
92.5 0.14 0 
93.5 0.12 0 
94.5 0.10 0 
95.5 0.08 0 
96.5 0.06 0 
97.5 0.04 0 
98.5 0.04 0 
99.5 0.02 0 
100.5 0.01 0 
34.9 






















49.5-50.5 Pre-oviposition Period 
50.5 0.26 11.6 
51.5 0.26 15.7 
52.5 0.26 9.2 
53.5 0.26 7.3 
54.5 0.26 3.4 
55.5 0.25 1.3 
56.5 0.23 1.2 
57.5 0.21 0 
58.5 0.18 0 
59.5 0.16 0 
60.5 0.13 0 
61.5 0.09 0 
























































0.5-33.5 Immature stage 
33.5-34.5 Pre-oviposition Period 
34.5 0.33 13.6 
35.5 0.33 17.8 
36.5 0.33 9.3 
37.5 0.33 7.4 
38.5 0.32 5.2 
39.5 0.30 2.1 
40.5 0.27 1.8 
41.5 0.24 1.3 
42.5 0.19 0 
43.5 0.13 0 
44.5 0.06 0 
58.5 













29.5-30.5 Pre-oviposition Period 
30.5 0.38 14.3 
31.5 0.38 18.4 
32.5 0.38 12.5 
33.5 0.36 8.6 
34.5 0.32 4.3 
35.5 0.25 2.5 
36.5 0.17 0 
37.5 0.07 0 
60.6 










27.5-28.5 Pre-oviposition Period 
28.5 0.25 10.2 
29.5 0.25 14.3 
30.5 0.25 7.6 
31.5 0.22 4.5 
32.5 0.17 2.2 
33.5 0.11 0 
34.5 0.05 0 
38.8 









14.5-15.5 Pre-oviposition Period 
15.50 0.10 4.80 
16.50 0.10 6.50 
17.50 0.07 4.30 













































X Ix m^ 
0.5-77.5 Immature stage 
Ro 
77.5-78.5 Pre-oviposition Period 
78.5 0.23 7.6 
79.5 0.23 10.8 
80.5 0.23 5.4 
81.5 0.23 4.2 
82.5 0.23 3.5 
83.5 0.23 2.6 
84.5 0.23 2.2 
85.5 0.22 1.8 
86.5 0.21 1.6 
87.5 0.2 1.5 
88.5 0.18 1.3 
89.5 0.16 0 
90.5 0.14 0 
91.5 0.13 0 
92.5 0.11 0 
93.5 0.09 0 
94.5 0.07 0 
95.5 0.04 0 
96.5 0.03 0 
97.5 0.01 0 
42.5 






















47.5-48.5 Pre-oviposition Period 
48.5 0.31 10.7 
49.5 0.31 20.4 
50.5 0.31 10.2 
51.5 0.31 6.3 
52.5 0.31 4.5 
53.5 0.3 2.3 
54.5 0.28 1.8 
55.5 0.25 1.4 
56.5 0.22 0 
57.5 0.18 0 
58.5 0.14 0 
59.5 0.08 0 
60.5 0.03 0 
57.6 















30.5-31.5 Pre-oviposition Period 
31.5 0.39 16.3 6.36 










































botrytis var. Pusi by biolep (15 ppm) 
32.5 0.39 19.4 7.57 
33.5 0.39 12.5 4.88 
34.5 0.39 7.8 3.04 
35.5 0.39 3.4 1.33 
36.5 0.37 3.2 1.18 
37.5 0.34 2.7 0.92 
38.5 0.3 2.5 0.75 
39.5 0.24 1.8 0.43 
40.5 0.17 0 0.00 
41.5 0.11 0 0.00 
42.5 0.05 0 0.00 
53.3 20.09 
0.5-26.5 Immature stage 
26.5-27.5 Pre-oviposition Period 
27.50 0.46 18.40 8.46 
28.50 0.46 26.50 12.19 
29.50 0.46 12.30 5.66 
30.50 0.46 8.60 3.96 
31.50 0.42 7.30 3.07 
32.50 0.35 2.40 0.84 
33.50 0.27 1.20 0.32 
34.50 0.17 0.00 0.00 
35.50 0.05 0.00 0.00 
76.70 34.50 
0.5-24.5 Immature stage 
24.5-25.5 Pre-oviposition Period 
25.5 0.31 10.3 3.19 
26.5 0.31 17.5 5.43 
27.5 0.31 8.6 2.67 
28.5 0.29 5.2 1.51 
29.5 0.26 3.3 0.86 
30.5 0.21 1.4 0.29 
31.5 0.15 0 0.00 
32.5 0.07 0 0.00 
46.3 13.94 
0.5-13.5 Immature stage 
13.5-14.5 Pre-oviposition Period 
14.50 0.16 6.70 1.07 
15.50 0,16 10.20 1.63 
16.50 0.11 4.60 0.51 










































X Ix nix 
0.5-73.5 Immature stage 
Ro 
73.5-74.5 Pre-oviposition Period 
74.50 0.31 8.60 
75.50 0.31 12.80 
76.50 0.31 7.30 
77.50 0.31 5.50 
78.50 0.31 3.80 
79.50 0.31 2.70 
80.50 0.31 1.80 
81.50 0.31 1.50 
82.50 0.31 1.30 
83.50 0.30 1.20 
84.50 0.29 1.20 
85.50 0.28 0.00 
86.50 0.27 0.00 
87.50 0.25 0.00 
88.50 0.23 0.00 
89.50 0.20 0.00 
90.50 0.18 0.00 
91.50 0.14 0.00 
92.50 0.11 0.00 
93.50 0.07 0.00 
94.50 0.02 0.00 
47.70 























44.5-45.5 Pre-oviposition Period 
45.50 0.41 16.40 
46.50 0.41 25.60 
47.50 0.41 10.30 
48.50 0.41 6.20 
49.50 0.41 4.30 
50.50 0.40 2.40 
51.50 0.38 1.40 
52.50 0.35 1.20 
53.50 0.31 0.00 
54.50 0.26 0.00 
55.50 0.20 0.00 
56.50 0.13 0.00 
















0.5-27.5 inunature stage 









































































































































































































X I^  nix 
0.5-68.5 Immature stage 
Ro 
68.5-69.5 Pre-oviposition Period 
69.5 0.4 9.2 
70.5 0.4 12.3 
. 71.5 0.4 7.2 
72.5 0.4 5.7 
73.5 0.4 4.3 
74.5 0.4 4.2 
75.5 0.4 3.4 
76.5 0.4 2.7 
77.5 0.39 2.5 
78.5 0.38 1.3 
79.5 0.37 1 
80.5 0.35 0 
81.5 0.33 0 
82.5 0.3 0 
83.5 0.27 0 
84.5 0.23 0 
85.5 0.2 0 
86.5 0.16 0 
87.5 0.11 0 
88.5 0.08 0 
89.5 0.04 0 

























0.5-42.5 Immature stage 
42.5-43.5 Pre-oviposition Period 
43.5 0.47 17.3 
44.5 0.47 29.4 
45.5 0.47 15.6 
46.5 0.47 9.3 
47.5 0.47 3.2 
48.5 0.45 2.4 
49.5 0.41 1.3 
50.5 0.37 1 
51.5 0.32 0 
52.5 0.26 0 
.53.5 0.19 0 
54.5 0.12 0 
















0.5-23.5 Immature stage 











































24.5 0.54 19.4 
25.5 0.54 32.3 
26.5 0.54 16.5 
27.5 0.54 9.6 
28.5 0.52 4.3 
29.5 0.5 3.8 
30.5 0.47 2.4 
31.5 0.42 1.7 
32.5 0.38 1.5 
33.5 0.32 1.2 
34.5 0.26 0 
35.5 0.18 0 
36.5 0.09 0 
92.7 















21.5-22.5 Pre-oviposition Period 
22.50 0.61 25.40 
23.50 0.61 36.70 
24.50 0.61 15.90 
25.50 0.58 9.80 
26.50 0.54 6.50 
27.50 0.47 4.60 
28.50 0.36 2.40 
29.50 0.23 0.00 
30.50 0.12 0.00 
31.50 0.03 0.00 
101,30 












20.5-21.5 Pre-oviposition Period 
21.50 0.48 12.20 
22.50 0.48 23.30 
23.50 0.48 9.20 
24.50 0.45 7.80 
25.50 0.40 4.70 
26.50 0.33 2.40 
27.50 0.23 0.00 
28.50 0.11 0.00 
59.60 










11.5-12.5 Pre-oviposition Period 
12.50 0.24 8.60 
13.50 0.24 11.40 
14.50 0.17 7.80 
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Fig.5. Effect of imidacloprid on the survivorship of P. xylostella on cauliflower at constant temperatures 
35°C 







Fig.6. Effect of imidacloprid on the mortality of P. xylostella on cauliflower at constant temperatures 


































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
















































































































































































0. botrytis var. Pusi by imidacloprid (LC50) 
0.5-38.5 Immature stage 
38.5-39.5 Pre-oviposition Period 
39.5 0.19 8.8 1.67 
40.5 0.19 12.7 2.41 
41.5 0.19 7.2 1.37 
42.5 0.19 2.4 0.46 
43.5 0.18 2.2 0.40 
44.5 0.16 1.3 0.21 
45.5 0.14 I 0.14 
46.5 0.11 0 0.00 
47.5 0.07 0 0.00 
48.5 0.03 0 0.00 
35.6 6.653 
0.5-35.5 Immature stage 
35.5-36.5 Pre-oviposition Period 
36.50 0.23 9.30 2.14 
37.50 0.23 13.70 3.15 
38.50 0.23 6.50 1.50 
39.50 0.21 2.30 0.48 
40.50 0.17 0.00 0.00 
41.50 0.11 0.00 0.00 
42.50 0.04 0.00 0.00 
31.80 7.27 
0.5-31.5 Immature stage 
31.5-32.5 Pre-oviposition Period 
32.50 0.09 5.30 0.48 
33.50 0.09 8.20 0.74 
34.50 0.09 4.30 0.39 
35.50 0.08 1.60 0.13 
36.50 0.05 0.00 0.00 
37.50 0.02 0.00 0.00 
19.40 1.73 
0.5-21.5 Immature stage 
21.5-22.5 Pre-oviposition Period 
22.50 0.02 4.80 0.10 
23.50 0.03 3.40 0.10 































































































































































































36.5 0.23 12.6 
37.5 0.23 15.8 
38.5 0.23 7.4 
39.5 0.23 3.5 
40.5 0.21 2.6 
41.5 0.19 1.7 
42.5 0.17 1.4 
43.5 0.14 1.3 
44.5 0.09 0 
45.5 0.04 0 
46.3 












32.5-33.5 Pre-oviposition Period 
33.50 0.29 13.20 
34.50 0.29 19.50 
35.50 0.29 9.30 
36.50 0.26 2.70 
37.50 0.20 0.00 
38.50 0.12 0.00 
39.50 0.05 0.00 
44.70 









28.5-29.5 Pre-oviposition Period 
29.50 0.15 6.70 
30.50 0.15 11.50 
31.50 0.15 5.60 
32.50 0.13 2.80 
33.50 0.10 0.00 
34.50 0.06 0.00 
35.50 0.03 0.00 
26.60 









18.5-19.5 Pre-oviposition Period 
19.50 0.04 3.40 
20.50 0.04 6.80 
21.50 0.03 2.50 










































































































































































































































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
20ppm 
—^ 15 ppm 
" 10 ppm 
^ ^ 20 ppm 
^ control 
0 111111 [ 1111 [ 11 1111111 111111 I r 11111 11 111111111 I 111 [] I 111 M I I 11111111111 I 11111 rr 
1 11 21 31 41 51 SI 71 81 91 101 111 
Days 












C^,Wj^t 111 r^^ H'l I l>|t|Mi I Wi^^'^'W^¥i«Wi*W*ii|*HW •^Wlii Pf\i\ 
11 21 31 41 51 61 71 81 91 101 111 
Days 
Fig.8. EflFect of neemazal on the mortality of P. xylostella on cabbage at constant temperatures 



































































































































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 








































































































0.5-37.5 Immature stage 
37.5-38.5 Preoviposition Period 





































































































































































0.8 23.4 18.72 
0.8 33.8 29.44 
0.76 14.6 11.096 
0.7 9.4 6.58 
0.63 7.5 4.725 
0.55 5.7 3.135 
0.48 3.6 1.728 
0.4 1.4 0.56 
0.3 0 0 
0.21 0 0 
0.13 0 0 




0.65 23.70 15.41 
0.65 36.50 23.73 
0.63 20.60 12.98 
0.59 13.40 7.91 
0.54 9.20 4.97 
0.47 6.40 3.01 
0.38 4.30 1.63 
0.28 2.40 0.67 
0.17 0.00 0.00 
0.08 0.00 0.00 




0.67 17.80 11.93 
0.67 28.50 19.10 
0.65 12.30 8.00 
0.60 7.50 4.50 
0.52 2.40 1.25 
0.43 1.80 0.77 
0.32 0.00 0.00 
0.20 0.00 0.00 




0.21 10.80 2.27 
0.21 13.30 2.79 
0.15 6.40 0.96 














































X Ix nix 
0.5-97.5 Immature stage 
Ro 
97.5-98.5 Pre-oviposition Period 
98.50 0.03 2.20 
99.50 0.03 3.40 
100.50 0.03 2.00 
101.50 0.03 1.50 
102.50 0.03 1.30 
103.50 0.03 1.20 
104.50 0.03 1.00 
105.50 0.03 0.00 
106.50 0.03 0.00 
107.50 0.02 0.00 
108.50 0.02 0.00 
109.50 0.02 0.00 
110.50 0.02 0.00 
111.50 0.02 0.00 
112.50 0.02 0.00 
113.50 0.01 0.00 
114.50 0.01 0.00 
12.60 



















58.5-59.5 Pre-oviposition Period 
59.5 0.12 4.8 
60.5 0.12 5.7 
62.5 0.12 3.6 
63.5 0.11 2.8 
64.5 0.1 2.5 
65.5 0.09 2.4 
66.5 0.09 1.8 
67.5 0.07 0 
68.5 0.06 0 
69.5 0.04 0 
70.5 0.03 0 















0.5-40.5 Immature stage 
40.5-41.5 Pre-oviposition Period 





























































































































20.5-21.5 Pre-oviposition Period 
21.50 0.03 5.60 0.17 
22.50 0.03 4.20 0.13 






































































































0.5-56.5 Immature stage 
56.5-57.5 Pre-oviposition Period 












































































37.5 0.28 7.2 
38.5 0.28 15.3 
39.5 0.28 6.4 
40.5 0.28 5.2 
41.5 0.26 3.3 
. 42.5 0.23 2.2 
43.5 0.2 1.3 
44.5 0.17 I 
45.5 0.12 0 
46.5 0.08 0 
47.5 0.03 0 
41.9 













33.5-34.5 Pre-oviposition Period 
35.5 0.29 10.30 
36.5 0.29 16.20 
37.5 0.29 8.50 
38.5 0.29 5.70 
39.5 0.26 3.20 
40.5 0.21 1.30 
41.5 0.13 0.00 
42.5 0.04 0.00 
45.20 










28.5-29.5 Pre-oviposition Period 
29.50 0.19 9.20 
30.50 0.19 12.40 
31.50 0.19 6.50 
32.50 0.17 3.70 
33.50 0.14 1.60 
34.50 0.10 0.00 










0.5-18.5 Immature stage 
18.5-19.5 Pre-oviposition Period 
19.5 0.05 4.3 
20.5 0.05 5.5 
21.5 0.04 2.4 












































































































0.5-51.5 Immature stage 
51.5-52.5 Preoviposition Period 



























































































33.50 0.37 10.70 
34.50 0.37 17.40 
35.50 0.37 9.20 
36.50 0.37 5.70 
37.50 0.35 3.90 
38.50 0.33 2.80 
39.50 0.30 2.30 
40.50 0.26 1.20 
41.50 0.22 0.00 
42.50 0.16 0.00 
43.50 0.08 0.00 
53.20 













30.5-31.5 Preoviposition Period 
31.50 0.36 13.20 
32.50 0.36 16.80 
33.50 0.36 11.30 
34.50 0.36 6.80 
35.50 0.32 3.40 
36.50 0.27 2.30 
37.50 0.19 1.00 
38.50 0.07 0.00 
54.80 










25.5-26.5 Preoviposition Period 
26.50 0.27 10.50 
27.50 0.27 15.80 
28.50 0.27 7.30 
29.50 0.25 5.80 
30.50 0.21 3.20 
31.50 0.15 0.00 
32.50 0.07 0.00 
42.60 









17.5-18.5 Preoviposition Period 
18.50 0.08 5.30 
19.50 0.08 7.40 
20.50 0.06 4.20 
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Fig. 10. Effect of biolep on the mortality of P. xylostella on cabbage at constant temperatures 


































































































































































































































































































































































Means followed by same letter in column are not significantly different ip=0.05) by Tukey's HSD 





























































































































































36.50 0.29 12.40 
37.50 0.29 15.20 
38.50 0.29 10.30 
39.50 0.29 6.70 
40.50 0.27 3.20 
41.50 0.25 2.00 
42.50 0.22 1.80 
43.50 0.19 1.00 
44.50 0.14 0.00 
45.50 0.07 0.00 
52.60 
0.5-32.5 Immature stage 
32.5-33.5 Preoviposition Period 
33.5 0.37 14.8 
34.5 0.37 20.7 
35.5 0.37 10.2 
36.5 0.34 5.3 
37.5 0.27 3.2 
38.5 0.18 0 
39.5 0.06 0 
54.2 
0.5-28.5 Immature stage 
28.5-29.5 Preoviposition Period 
29.50 0.20 9.50 
30.50 0.20 13.20 
31.50 0.20 7.40 
32.50 0.18 4.70 
33.50 0.14 1.80 
34.50 0.09 0.00 
35.50 0.03 0.00 
36.60 
0.5-15.5 Immature stage 
15.5-16.5 Preoviposition Period 
16.50 0.09 4.30 
17.50 0.09 6.50 
18.50 0.07 3.40 




































































































































































































































34.5 0.37 11.5 
35.5 0.37 22.3 
36.5 0.37 10.6 
37.5 0.37 8.4 
38.5 0.35 5.3 
39.5 0.32 2.4 
40.5 0.29 1.8 
41.5 0.25 1.3 
42.5 0.21 0 
43.5 0.15 0 
44.5 0.07 0 
63.6 
0.5-29.5 Immature stage 
29.5-30.5 Preoviposition Period 
30.5 0.46 17.4 
31.5 0.46 23.6 
32.5 0.46 14.3 
33.5 0.46 8.5 
34.5 0.4 4.9 
35.5 0.3 2.2 
36.5 0.18 0 
37.5 0.07 0 
70.9 
0.5-26.5 Immature stage 
26.5-27.5 Preoviposition Period 
27.5 0.26 U.2 
28.5 0.26 15.4 
29.5 0.26 9.5 
30.5 0.24 5.3 
31.5 0.20 2.5 
32.5 . 0.13 0 
33.5 0.06 0 
43.9 
0.5-14.5 Immature stage 
14.5-15.5 Preoviposition Period 
15.5 0.14 5.6 
16.5 0.14 8.4 
17.5 0.10 3.8 












































































































































































































































































































































































































































































0.5-43.5 Inunature stage 


























































































28.50 0.52 19.30 
29.50 0.52 32.40 
30.50 0.52 14.20 
31.50 0.52 9.50 
32.50 0.50 6.30 
33.50 0.47 2.40 
34.50 0.44 2.20 
35.50 0.40 1.60 
36.50 0.35 1.30 
37.50 0.28 0.00 
38.50 0.19 0.00 
39.50 0.09 0.00 
89.20 
0.5-24.5 Immature stage 
24.5-25.5 Preoviposition Period 
25.50 0.60 25.20 
26.50 0.60 33.70 
27.50 0.60 14.80 
28.50 0.60 10.30 
29.50 0.53 6.80 
30.50 0.43 3.40 
31.50 0.32 1.40 
32.50 0.19 0.00 
33.50 0.07 0.00 
95.60 
0.5-21.5 Immature stage 
21.5-22.5 Preoviposition Period 
22.50 0.47 15.30 
23.50 0.47 23.50 
24.50 0.47 10.40 
25.50 0.43 6.20 
26.50 0.38 3.50 
27.50 0.31 2.40 
28.50 0.22 0.00 
29.50 0.11 0.00 
61.30 
0.5-12.5 Immature stage 
12.5-13.5 Preoviposition Period 
13.5 0.006 8.3 
14.5 0.006 10.6 
15.5 0.0053 5.8 






















































































































































































































capitata var. Golden Acre by biolep 
X T, T 
1.014*0.005" 88.86*1.5" 103.5*1.1* 
1.020*0.006a" 84.97*1.3" 100.5*1.05* 
1.026*0.007* 81.93*1.2* 97.5*0.95* 
1.030*0.007* 78.27*1.1" 94.5*0.85" 
1.034*0.008" 72.24*0.86° 91.5*0.80' 
0.014 2.89 2.76 
26.34 126.47 98.62 
1.037*0.007" 53.99*1.00" 64.5*0.74* 
1.043*0.008* 51.58*0.92" 62.5*0.68" 
1.052*0.009b* 48.68*0.84* 60.5*0.65* 
1.059*0.010" 46.62*0.79" 57.5*0.62" 
1.074*0.012" 45.50*0.75' 55.5*0.60' 
0.007 1.87 1.94 
27.68 117.60 154.38 
1.061*0.010* 38.24*0.63° 45.5*0.54" 
1.073*0.012" 36.33*0.60* 44.5*0.51* 
1.088*0.014* 33.09*0.58" 41.5*0.48" 
1.101*0.015" 30.23*0.56* 39.5*0.44* 
1.129*0.017* 26.08*0.55" 35.5±0.40" 
0.011 2.43 1.74 
26.38 79.35 63.47 
1.078*0.012* 34.62*0.65" 39.5*0.47" 
1.096*0.015" 31.97*0.62" 37.5*0.45" 
1.111*0.016" 29.10*0.60*35.5*0.43* 
1.127*0.017* 26.95*0.55* 33.5*0.4l" 
1.142*0.018* 23.26*0.50" 31.5*0.40' 
0.017 2.47 1.78 
19.34 76.14 68.75 
1.057*0.012' 30.78*0.50" 35.5*0.45" 
1.074*0.015" 28.82*0.45" 33.5*0.43" 
1.099*0.017* 25.87*0.38* 31.5*0.40* 
1.119*0.018" 23.86*0.31" 29.5*0.39" 
1.160*0.020" 18.76*0.30' 25.5*0.38' 
0.015 1.82 1.64 
57.28 75.62 91.34 
1.009*0.007" 17.38*0.28" 19.5*0.34* 
1.047*0.009* 16.33*0.27" 18.5*0.32" 
1.073*0.010" 15.30*0.26" 17.5*0.31" 
1.102*0.011" 14.30*0.26' 16.5*0.28" 
1.122*0.012* 13.28*0.25* 15.5*0.26* 
0.020 1.19 1.28 
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Fig. 12. Effect of imidacloprid on the mortality of P. xylostella on cabbage at constant temperatures 


































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
Table. 1.2.3.2.a.l. Fecundity of/*. xylostella on 
Temp°C X Ix n^ x 












































































0.11 5.7 0.63 



































































41.50 0.19 5.20 
42.50 0.19 8.50 
43.50 0.19 4.30 
44.50 0.19 2.40 
45.50 0.18 2.30 
46.50 0.16 2.00 
47.50 0.14 1.40 
48.50 0.12 1.20 
49.50 0.09 0.00 
50.50 0.06 0.00 
51.50 0.02 0.00 
27.30 













37.5-38.5 Preoviposition Period 
38.50 0.21 8.20 
39.50 0.21 12.70 
40.50 0.21 6.30 
41.50 0.21 2.50 
42.50 0.17 0.00 
43.50 0.11 0.00 
44.50 0.04 0.00 
29.70 









32.5-33.5 Preoviposition Period 
33.50 0.08 5.40 
34.50 0.08 8.80 
35.50 0.08 3.30 
36.50 0.07 1.40 
37.50 0.05 0.00 









0.5-22.5 Immature stage 
22.5-23.5 Preoviposition Period 
23.5 0.03 4.8 
24.5 0.03 3.7 







































































































































































































































0.24 10.4 2.50 
0.24 13.2 3.17 
0.24 6.4 1.54 
0.24 3.2 0.77 
0.22 2.5 0.55 
0.20 1.6 0.32 
0.17 1.3 0.22 
0.14 1.2 0.17 
0.10 0 0.00 




0.39 13.4 5.23 
0.27 18.6 5.02 
0.27 8.7 2.35 
0.27 2.8 0.76 
0.23 0 0.00 
0.18 0 0.00 




0.14 7.60 1.06 
0.14 10.20 1.43 
0.14 4.30 0.60 
0.12 1.40 0.17 
0.09 0.00 0.00 




0.05 3.60 0.18 
0.05 6.20 0.31 
0.03 2.50 0.08 


































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
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2.1. Effect of biopesticides and insecticide on the development of P. xylostella on 
cauliflower, B. o. botrytis var. Pusi at constant temperatures: 
2.1.1. Effect of neemazal on the development of P. xylostella on cauliflower at constant 
temperatures: 
Neemazal and temperature significantly (P<0.05) affected the development of P. 
xylostella on cauliflower (Table-2.1.1.1.a-2.1.1.4.a). Tested concentrations of neemazal 
significantly prolonged the development of P. xylostella. However, it was concentration 
dependent at constant temperatures. Development period decreases with decrease of 
concentrations fi-om 20 to 5 ppm and increase of temperature fi-om 10° and 35° C. Life cycle 
was shortest at 35°C and prolonged at 10°C, while no development occurred at 5° and 40°C. It 
was significantly (P<0.05) delayed in the tested concentrations at 10°C. Incubation period was 
prolonged to 15.8 days with 20 ppm of neemazal as compared to 13.8 days by 5 ppm and 11.1 
days in untreated control (2.1.4.a) at 10°C. Eggs were hatched in 1.8 days exposed to 10 and 5 
ppm and 1.6 days in unexposed egg groups at 35°C. Incubation period was not significantly 
(P>0.05) differed when exposed to 20, 15 and 10 ppm as well as vmexposed groups at 25° and 
30°C. Larval development was also concentration dependent at constant temperatures. Larval 
duration was significantly prolonged with concentration tested at 10° and 15°C as compared to 
20°, 25°, 30° and 35°C. 1'', 2"", 3'" and 4* instars' development was prolonged to 15.1, 13.8, 
13.7 and 15.1 days, respectively in 20 ppm treated as compared to 10.5, 10.5, 10.2, 10.9 days at 
10°C in the untreated control. While, shortest development of l*", 2"'', 3 '^' and 4"^  instars was 
1.5, 1.3, 1.2 and 1.6 days when exposed to 10 and 5 ppm than to 1.2, 1.1, 1.0 and 1.3 days in 
unexposed groups at 35°C. Total larval duration was 57.7 days exposed to 20 ppm as compared 
to 42.1 days in the untreated groups at 10°C. At 25°C, it was 20.2 days in exposed to 20 ppm 
and reduced gradually when treated with 15 to 5 ppm. Prepupal period was significantly 
(P<0.05) affected by neemazal at constant temperatures. Longest prej)upal period was 4.1 days 
with 20 ppm as compared to 3.1 days in untreated control at 10°C. Pupal period was prolonged 
significantly (P<0.05) at constant temperatures with concentrations tested. Pupal period was 
completed in 3.4 days in the untreated control and prolonged to 7.0 days when treated with 20 
ppm of neemazal at 25°C. It was prolonged to 14.9 days treated with 20 ppm and decreased to 
10.6 days in the imtreated control at 10°C. Pupal period was not significantly (P>0.05) differed 
at 20° and 25°C treated with 10 and 5 ppm, respectively. Development of immature stages of/*. 
xylostella was significantly (P<0.05) prolonged to 92.4 days at 10°C while reduced to 13.6 days 
at 35°C by application of 20 ppm, while 65.7 and 7.9 days at 10° and 35°C, respectively in 
untreated control. Longevity of adult was inversely proportional to concentrations tested at 
temperatures. Aduh survived up to 18.6 days at 10°C as compared to 4.4 days at 35°C by 20 
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ppm,while 24.3 and 5.1 days, respectively in the untreated control. Adults survived to 7.2 days 
exposed to 20 ppm and a substantial difference was obtained for 15, 10 and 5 ppm while, 10.4 
days in the untreated control at 25°C. A total development time (immature and adult stages) 
was 111.0 days with exposed to 20 ppm and 90 days in unexposed groups at 10°C, while 
shortest 15.0 days in treated with 10 and 5 ppm and 13 days in untreated control at 35°C. 
The development per day was calculated with neemazal at constant temperatures and 
their estimates are presented (Table-2.1.1.1.b-2.1.1.4.b). The development data was regressed 
by linear equation (D=a+bt) in relation to constant temperatures. The regression data differed 
significantly (P<0.05) at different probability levels. The values of R were differed 
significantly/non significantly. Lower thermal threshold (Tmin) was determined for all stages of 
P. xylostella by the linear regression equation. Tmin of egg stage was 6.97°C with 20 ppm 
neemazal as compared to 8.25°C in untreated control. However, Tmin of egg increases with 
decrease of concentration of neemazal from 15 to 5 ppm. Tmin of larval stages varied with 
concentrations of neemazal. It was ranged from 7.45° to 7.88°C when exposed to 20 ppm,while 
increased from 7.79° to 9.45°C by 5 ppm as compared to 8.60° to 9.52°C. Tmin for pupal stage 
was 8.82°C in the untreated control and reduced to 7.88°C when treated with 20 ppm. Adult 
survived at 4.97°C in exposed to 20 ppm, whereas Tmin was increased to 6.57°C in the 
unexposed adult. 
Thermal constant (K) often called °C-day which was calculated (Table-2.1.1.1.b-
2.1.1.4.b) by method of Campbell et al. (1974) that differed significantly with tested 
concentrations of neemazal at constant temperatures. Thermal constant increases with increase 
of concentrations from 5 to 20 ppm^ whereas total heat requirement for the development of 
immature stages was 510.9°C-day when treated with 20 ppm and decreased to 340.6°C-day 
freated with 5 ppm as compared to 279.2°C-day in the untreated control. Thermal requirement 
for egg development was 85.5°C-day exposed to 20 ppm and reduced to 62.9°C-day exposed to 
5 ppm of neemazal as compared to 61.0°C-day in untreated control. 4"^  instar required more 
heat to develop than that of 1*', 2"** and "i^^ instars in relation to concentrations of neemazal. A 
total of 83.3°C-day required by pupal stage to complete its development exposed to 20 ppm 
neemazal that has reduced to 62.9°C-day at 5 ppm as compared to 50.8°C in untreated control. 
Adult stage accumulated highest amount of heat i.e. 258.7°C-day with exposed to 20 ppm and 
217.4°C-day in the unexposed groups. Degree day (DD) requirement was also estimated by the 
method of Arnold (1959, 1960) and the result showed (Table-2.l.l.l.c-2.1.1.4.c) that degree 
day (DD) requirement increased with increasing the temperature from 10° to 30°C and 
decreased after above 30°C as well as DD increased with increasing concentration from 5 to 20 
ppm. The development of egg was prolonged at 10°C. Therefore, degree day requirement was 
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also less than those eggs which were developed fast at 30°C where the DD was higher 
irrespective of concentrations of neemazal. Almost similar results were also calculated for DD 
requirements of the 1"', 2"'', S'** and 4* instars and pupal stage. A total of 694.26 DD required by 
immature stages of P. xylostella exposed to 20 ppm to complete the development and reduced 
to 498.54 DD when exposed to 5 ppm at 30°C, while 341.52 DD required in the untreated 
control of P. xylostella. 
Then another model i.e. cubic polynomial model was applied to determine the 
maximum and minimum threshold temperature. Estimates of development rate by tested 
concentrations of neemazal at constant temperatures by polynomial curve fitting and R^  and 
RSS are presented in Table-2.1.1.1.d-2.1.1.4.d. Maximum threshold temperature (Tmax) for egg 
stage was 41,78°C that exposed to 5 ppm and 42.53°C in unexposed eggs P. xylostella. There 
was a fractional difference in Tmax of \^, 2"'' and 3'^ *' instars. Tmax of 4* instar treated with 5 ppm 
was higher than other tested concentrations of neemazal. Tmax of pupal stage was 42.20°C when 
treated to 5 ppm of neemazal, while 42.57°C in the untreated control. Adult stage was more 
sensitive to higher temperature i.e. 39.16°C in treated to 5 ppm than to 41.62°C in the imtreated 
control. Tmin for embryonic development of untreated control was 8.32° and 8.41°C treated 
with 10 and 5 ppm. Fractional difference was calculated for Tmin among larval instars with 
treated and the untreated control. Prepupal stage may able to survive(7.72°C)in the untreated 
control; while slightly decreased v i^th 20 ppm, although the variation occurred in Tmin of 
prepupal and pupal stages in the treated and untreated control. Tmin for adult was 9.3 7°C in the 
untreated control and decreased to 7.19°C when treated with 20 ppm. Topt was determined by 
the use of quadratic equation of II order. The results showed that the ambient temperature or 
Topt of different stages of P. xylostella was in the range of 31.89° to 36.32°C treated with 15 
ppm and 31.87° to 34.93°C in the untreated control. Fractional variation has occurred in 
ambient temperature of 1"', T^ and 4* instars. 
2.1.2. Effect of biolep on the development of P. xylostella on cauliflower at constant 
temperatures: 
Biolep has significantly (P<0.05) affected the development of P. xylostella (Table-
2.1.2.1.a - 2.l.2.4.a) at constant temperatures on cauliflower. Biolep has significantly (P<0.05) 
prolonged the development of P. xylostella in concentration dependent maimer. Life cycle was 
shortest at 35°C and prolonged at 10°C, while no development occurred at 5° and 40°C. 
Incubation period was significantly (P<0.05) delayed with tested concentrations at 10°C. It was 
extended to 13.7 days with 20 ppm of biolep than to 11.5 days on 5 ppm and 11.1 days in the 
imtreated P. xylostella at 10°C (Table-2.1.4.a). Shortest incubation period was 1.7 days with 5 
ppm of biolep and untreated control at 35°C. Incubation period was not significantly (P<0.05) 
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differed at 20° and 25°C in both exposed and the unexposed groups. Larval duration was 
significantly (P<0.05) prolonged with the tested concentrations at 10° and 15°C than to 20°, 
25°, 30° and 35°C. Developmental duration of 1'*, 2"*", 3"* and 4* instars was prolonged to 12.5, 
12.1, 11.7 and 13.2 days in 20 ppm of biolep as compared to 10.5, 10.5, 10.2, 10.9 days, 
respectively in unexposed P. xylostella at 10°C. A total of 49.5 days required by the larvae to 
complete the development when exposed to 20 ppm biolep at 10°C as compared to 7.1 days at 
35°C. Pupal period extended significantly (P<0.05) at constant temperatures in all the 
concentrations tested. It was extended to 13.2 days with 20 ppm of biolep as compared to 10.6 
days in the untreated control. Development of pupa is significantly/non significantly differed 
by tested concentrations of biolep at constant temperatures. Development of immature stages 
was prolonged and non significantly differed at 20° and 25° irrespective of concentrations of 
biolep and significantly differed at other temperatures. The adult is survived for 23.1 days with 
5 ppm of biolep and reduced to 20.6 days exposed to 20 ppm at 10°C. Adult survived for 20.6 
days with 20 ppm biolep at 10°C than to 4.4 days at 35°C, while 24.3 days in unexposed P. 
xylostella. Total developmental period was 111 days with 20 ppm of biolep and 90 days in 
untreated groups at 10°C, while shortest was 15 days in treated with 5 ppm and 13 days in 
untreated control at 35°C. 
The development per day of P. xylostella was calculated with biolep at constant 
temperatures to obtain daily development rate. It was regressed by linear equation (D=a+bt) in 
relation to temperature. The regression data differed significantly (P<0.05) at different 
probability levels (Table-2.1.2.1.b-2.1.2.4.b). R^  was 0.97 to 0.99 at prepupal stage in both the 
treated and untreated control, respectively. R for egg stage was ranged between 0.82 to 0.85 
with 20 to 5 ppm biolep, respectively while 0.87 in untreated control. R^  of larval stages was 
ranged from 0.72-0.78. Lower thermal threshold (Tmin) was determined for all stages of P. 
xylostella by the linear regression equation. T^ in for egg stage was 6.52°C with 20 ppm biolep, 
while increased to 8.25°C in the untreated control. I''*, 2"'', 3'^ '* and 4"^  instars showed 
temperature tolerance when exposed to biolep and increased to 8.02°C with 5 ppm as compared 
to the untreated control. Fractional difference was calculated in exposed and unexposed pupal 
stage. Tmin of adult was 6.57°C;whereas 7.48°C in 5 ppm of biolep exposed adults. 
Thermal constant (K) differed significantly (P<0.05) with tested concentrations of 
biolep. Egg stage required maximum heat for embryonic development among all the immature 
stages and subsequently decreased from 20 to 5 ppm of biolep in exposed and the unexposed 
groups. Heat requirement for the development of 4^*^  instar was more than that of l^ 2"^  and 3'^ 
instars in exposed and unexposed P. xylostella. Immature stages accumulated more heat i.e. 
472.1°C-day with 20 ppm than to 331.9°C-day with 5 ppm of biolep and 277.8°C-day for 
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untreated control. Untreated adults required 217.4°C-day as compared to 185°C-day treated 
with 20 ppm of biolep and it was increased from 5 to 20 ppm of biolep. 
Degree day (DD) requirement increased with increasing the temperature from 10° to 
30°C, while decreased when temperature increased above 30°C (Table-2.1.2.1.c.-2.1.2.4.c). 
Degree day requirement for the embryonic development was 105.24 DD with 20 ppm than to 
80.08 DD with 5 ppm and 65.09 DD in the unfreated control at 30°C. It was decreased to 42.26 
in 20 ppm as compared to 22.75 DD in 5 ppm and 19.46 DD in the untreated groups at 10°C. 
4* instar required more heat units than to other instars among the tested concentrations. Pupal 
development required 115.18 DD with 20 ppm biolep than to other treated immature stages and 
60.79 in untreated control at 30°C. Total degree day requirement in immature stages (egg to 
pupa) was 618.78 DD treated with 20 ppm biolep as compared to 341.52 DD in unfreated 
confrol at 30°C and minimiun was at 10°C in both treated and unfreated confrol. No 
development occurred at 5° and 40°C. Cubic polynomial model was applied to determine 
the maximimi and minimum threshold temperature. Estimate of development rate with tested 
concentrations of biolep at constant temperatures were presented by polynomial curve fitting 
(Table-2.1.2.1.d-2.1.2.4.d). Values of R^  and RSS were varied from egg to adult stages of 
development under the influence of concentration of biolep. Tmax for egg stage was 40.63°, 
40.8°, 41.16° and 42.36°C with 20, 15,10 and 5 ppm, respectively and 42.53°C in the untreated 
confrol. There was a fractional difference in Tmax of 1^ ', 2"'', 3*^^ and 4* instars. The highest Tmax 
was for pupal stage among the immature stages in treated and untreated control. Tmax of pupal 
stage was slightly decreased when treated with 20 ppm as compared to 15, 10 and 5 ppm^while 
42.43°C in unfreated confrol. Adult stage was found to be more sensitive to higher temperature 
above 39.66° in 20 ppm than to 41.24°C in unfreated individual. Minimum threshold 
temperature (Tmin) for embryonic development was 8.86°C for untreated confrol and decreased 
to 7.0°C treated with 20 ppm (Table-2.1.2.1.d-2.1.2.4.d, 2.1.4.d). Tmin was lowest for 1'' instar 
in freated to 20 ppm and unfreated control. Tmin differed among the 2"", 3"* and 4"^  instars 
exposed and unexposed groups. PreVupal stage can able to survive at 7.12°C in exposed to 20 
ppm and 7.72°C in unexposed groups. Tmin for pupal stage was decreased to 8.04°C treated 
with 20 ppm. Tmin for adult stage was 7.75°C in 20 ppm and 9.37°C for unexposed groups. The 
ambient temperature or Topt was 33.63°C for embryonic development with 20 ppm of biolep, 
while 33.67°C for the untreated confrol (Table-2.1.2.1.d - 2.1.2.4.d). Topt for larval instars of P. 
xylostella was ranged from 32.11° to 34.81°C in freated and 33.60° to 34.09°C in the untreated 
confrol. Substantial variation has occured in ambient temperature of pupal stage with biolep. 
Topt was lower in adult than to other stages in the treated and untreated control. 
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2.1.3. Effect of imidacloprid on the development of P. xylostella on cauliflower at constant 
temperatures: 
Development of P. xylostella was significantly (P<0.05) affected by imidacloprid at 
constant temperatures (Table-2.1.3.1.a-2.1.3.4.a). Lethal concentrations of imidacloprid 
significantly prolonged the development of P. xylostella than to the untreated control. Life 
cycle was shortest at 35°C and prolonged at 10°C, while no development occurred at 5 and 
40°C. Incubation period was significantly (P<0.05) extended when treated with LC50 and LC25 
at 10°C as compared to other temperatures. Incubation period was shorter i.e. 2.2 and 2.6 days 
with LC25 and LC50 of imidacloprid, respectively and 1.6 days in untreated control at 35°C. 
Incubation period was not significantly (P>0.05) differed at 20° and 25 °C in exposed and the 
unexposed groups. Larval duration was significantly prolonged to 61.7 days treated with LC50 
and 57.8 days with LC25 while 42.1 days in the untreated control at 10°C than to 20°, 25°, 30° 
and 35°C. Pupal period was extended to 16.3 days with LCsoof imidacloprid than to 2.4 days 
whiki 10.6 and 1.4 days, in untreated control at 10° and 35°C, respectively. Development of 
immature was significantly (P<0.05) prolonged among the exposed and unexposed groups, 
while increasing the temperature from 10° to 35°C. Longevity of untreated adult was 
concentration dependent at constant temperatures. Adult longevity was prolonged to 17.8 and 
4.4 days with LC50 of imidacloprid while 24.3 days and 5.1 days with unexposed groups at 10° 
and 35°C, respectively. Developmental period from egg to adult was prolonged to 117 days 
treated with LC50 of imidacloprid and 90 days in the untreated control at 10°C, while shortest 
development time was 19 days in treated and 13 days in untreated individual at 35°C. 
The development per day of P. xylostella was calculated and the data was regressed by 
linear equation (D=a+bt) in relation to temperature. The regression data differed significantly at 
different probability levels (Table-2.1.3.1.b-2.1.3.4.b). R was highest i.e. 0.94 in prepupal 
stage in treated as compared to 0.99 in untreated control. R^  for egg stage was 0.82 in exposed 
while 0.87 in unexposed P. xylostella. R^  was higher i.e. 0.81 in 1^ ' instar treated with LC50 
than to 2"**, 3^** and 4* instars while 0.85 for untreated control. Lower thermal threshold (Tmin) 
for egg stage was 6.53°C with LC50 as compared to 8.25°C in untreated control, l", 2"** and 4'*' 
instars showed considerable variation in Tmin with imidacloprid. Tmin was higher in 3 '^' instar 
(9.53°C) with LC25 than the other larval stages (2.1.4.b). Tmin for pupal stage 7.66°C treated 
with LCso^while increased to 8.82°C in the unexposed groups. Adults may able to survive to 
4.83°C in treated groups than to 6.57°C in the untreated control. 
Thermal constant (K) differed significantly (P<0.05) with imidacloprid. Egg stage 
required 89.3°C-day for its development when exposed to LC50 and 75.8°C-day to LC25 
whereas 61.0°C-day in the untreated control. A total of 475°C-day required for the 
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development of LC50 exposed larval stages as compared to 406.6°C-day for LC25 and reduced 
to 152.6°C-day in the untreated control. A higher amount of heat (736.7°C-day) required by P. 
xylostella to complete its development exposed to LC50 of imidacloprid than 682.4°C-day with 
LC25 and 446.7°C-day in the untreated control. 
Degree day (DD) requirement increases with increasing the temperature from 10° to 
30°C with lethal LC50 and LC25 of imidacloprid, while decreases when temperature rises above 
30°C (Table-2.1.3.1.c-2.1.3.4.c). Degree day requirement for the embryonic development was 
increased from 58.43 to 120.17 DD with increasing temperature from 10° to 30°C then 
decreased to 72.60 DD with increasing temperature from 30° to 35°C treated with LC50. The 
pupal stage has accumulated highest amount of heat unit i.e. 125.33 DD treated with LC50 and 
reduced to 60.79DD in the imtreated control at 30°C. Total DD requirement in immature stages 
from egg to pupa was 715.22 DD in LC50 exposed and reduced to 661.35°C day in LC25 as 
compared to 343.90 DD in the unexposed groups at 30°C. However, minimum heat unit was 
recorded at 10°C in both treated and untreated control. No development occurred at 5 and 40°C 
becaxjse P. xylostella stages were unable to develop at these temperatures. 
Cubic polynomial model was applied to determine the maximum and minimum 
threshold temperature. Estimate of development rate with tested concentrations of imidacloprid 
at constant temperatures were presented by polynomial curve fitting (Table-2.1.3.1 .d-2.1.3.4.d). 
Values of R^  and RSS are presented in table-2.1.4.d. Tmax for egg stage was 41.33° and 41.47°C 
with exposure to LC50 and LC25, respectively and 42.53°C in untreated control. Tmax of LC25 
exposed larval stages was less than the LC50. Highest Tmax for pupal stage was 40.94°C in LC50 
treated and 42.43°C in the untreated control. Minimum threshold temperature (Tmin) required 
for embryonic development was 8.05° and 8.15°C with exposure to LC50 and LC25, 
respectively while, 8.86°C for the untreated control (Table-2.1.3.l.d - 2.1.3.4.d). Tmm was 
higher when exposed to LC25 than to LC50 (2.1.4.d). Tmin for adult was 8.32° and 9.37°C for the 
treated and untreated control, respectively. Topt required for embryonic development was 
33.28°C with LC50 and 33.67°C in the untreated control (Table-2.1.3.l.d - 2.1.3.4.d). Top, for 
larval instars of P. xylostella was in the range of 31.63 to 33.96°C in exposed and 33.60 to 
34.09°C in the imexposed groups. Considerable variation occurred in ambient temperature of 
pupal and adult stage with LC50 and LC25 of imidacloprid and the untreated control. 
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2.2. Effect of biopesticides on the development of P. xylostella on cabbage, B. o. capitata 
var. Golden Acre at constant temperatures: 
2.2.1. Effect of neemazal on the development of P. xylostella on cabbage at constant 
temperatures: 
Neemazal has significantly (P<0.05) prolonged the development of P. xylostella on 
cabbage at constant temperatures (Table-2.2.1.1.a-2.2.1.4.a) and it was concentration 
dependent. Life cycle was shortest at 35°C and prolonged at 7°C, while no development 
occurred at 5° and 40°C. Incubation period was significantly (P<0.05) delayed with tested 
concentrations at 10°C. Longest incubation period was 16.5 days with 20 ppm, while decreased 
to 14.7 days with 5 ppm and 11.6 days in untreated control at 10°C (2.2.4.a). Incubation period 
was shortened to 2.6 days in the treated with 20 ppm and 1.8 days in untreated control at 35°C. 
Larval development was prolonged from increasing concentrations (5 to 20 ppm). Larval 
duration was significantly (P<0.05) prolonged with tested concentrations at 10° and 15°C as 
compared to 20°, 25°, 30° and 35°C. Longest duration (15.8 days) for the development was 
taken by 1"* instar while, 13.7 days by 3'^ '* instar with 20 ppm of neemazal as compared to 11.0 
and 9.4 days, respectively in the untreated P. xylostella at 10°C. Total larval period was 60.6 
days exposed to 20 ppm and reduced to 52.7 days by 5 ppm as compared to 42.1 days in the 
untreated control. Pupal period was prolonged significantly (P<0.05) with respective 
concentrations of neemazal. It ranged from 2.4 to 15.8 days and 1.9 to 12.9 days with 20 and 5 
ppm of neemazal as compared to 1.5 to 11.2 days in the untreated control at 10° to 35°C, 
respectively. Development of immature stages was significantly (P<0.05) prolonged to 97.2 
days with 20 ppm of neemazal at 10°C than to 14.5 days at 35°C, while 68.0 and 8.9 days at 
10° and 35°C, respectively in the unexposed groups. Adult lived for 17.8 days at 10°C than to 
4.5 days at 35°C while 24.0 days and 5.1 days in the untreated control. 20 ppm neemazal 
resulted a total developmental period i.e. 115 days, and 92 days in the untreated control at 
10°C, while 19 days in the treated and 14 days in the unexposed P. xylostella at 35°C. 
The development per day with neemazal for each life stages was calculated and 
regressed by linear equation (D= a+bt) in relation to temperature. The regression data differed 
significantly at different probability levels (Table-2.2.1.1.b - 2.2.1.4.b). The values of R^  and 
RSS varied in the immature and adult stages. Lower thermal threshold (Tmin) of egg stage was 
6.50°C with exposure to 20 ppm and increased to 8.05°C in the unexposed eggs. 1^ ' instar when 
exposed to neemazal is resistant to temperature as compared to 8.26° in the untreated control. 
Tmin for 4* instar was 7.75°C with neemazal and 8.49°C in the unexposed groups. Pre'^ pupa can 
be able to survive to 6.04°C treated with 20 ppm than to 7.60°C in the untreated control. Lower 
themal threshold was ranged from 6.97° to 7.63°C with decreasing the concentrations from 20 
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to 5 ppm. The adult can also be survived up to 4.40°C in 20 ppm but increased to 7.54°C in 10 
ppm as compared to 7.05°C in the untreated control. 
Thermal constant (K) differed significantly/non significantly differed among the tested 
concentrations of neemazal. It was increased with increasing the concentration from 5 to 20 
ppm. 92.6°C-day were required for embryonic development with 20 ppm and 68°C-day at 5 
ppm,while 59.5°C-day in the untreated control. A total of 446.3°C-day was required for the 
development of larvae treated with 20 ppm but decreased to 336.5°C-day with 5 ppm. 4* instar 
larvae required more heat to complete its development to than the 1^ ', 2"'' and 3'^ '' instars in the 
exposed and unexposed groups. Heat requirement for sustenance of the adult was 250°C-day 
exposed to 15 ppm. A greater quantity of heat was required by P. xylostella to complete its life 
cycle when exposed to 15 ppm than to 20, 10 and 5 ppm. 
Degree day (DD) required by P. xylostella was increased with increasing the 
temperature from 10° to 30°C, while decreased above 30°C in the tested concentrations (Table-
2.2.1.1.C - 2.2.1.4.C). Degree days requirement for the embryonic development were increased 
from 57.39 to 128.38 DD with increasing the temperature from 10° to 30°C then decreased to 
74.02 at 35°C with 20 ppm neemazal while the same trend was obtained in the untreated P. 
xylostella. Heat units required by 4^*^  instar were more than that of other instars in relation to the 
concentrations and the untreated control. Total degree days of immature stages (egg to pupa) 
were 732.17 treated with 20 ppm and 494.98 DD with 5 ppm, while 378.94 DD in the untreated 
control at 30°C. 
Cubic polynomial model was applied to determine the maximum and minimum 
threshold temperature. Estimates of development rate by tested concentration of neemazal at 
constant temperature by polynomial curve fitting are presented in the Table-2.2.1.1.d- 2.2.1.4.d. 
Values of R^  and RSS varied in different stages and concentrations. A substantial difference 
was recorded for Tmax of 1^ ' to 4'*^  instars treated with concentrations of neemazal. Tmax for 
pupal stage was greater at 20 ppm and 15 ppm than to 10 and 5 ppm, while 42.57°C in the 
untreated control. Tmin for embryonic development was in the range of 8.12° to 8.42°C for 5 to 
20 ppm and 8.59°C for untreated control. Tmin showed a substantial variation among larval 
stages in the treated and untreated control. Tmin for pupal stage was higher i.e. 9.12°C treated 
with 15 ppm than to 8.44°C for the untreated control. Tmin for adult was 6.7°C treated vA\h \S 
ppm as compared to 6.69°C in the untreated control. The ambient temperature or Topt (Table-
2.2.1.1.d-2.2.1.4.d) for the 4'" instar was 34.54°C in the untreated control. Topt for pupa was 
34.8°C exposed to 20 ppm and it was more resistant when exposed to 5 ppm i.e. 34.05°C as 
compared to 34.34°C for the untreated control. 
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2.1.2. Effect of biolep on the development of P. xylostella on cabbage at constant 
temperatures: 
Analyzed result (Table-2.2.2.1.a-2.2.2.4.a) indicated that biolep has significantly 
(P<0.05) affected the development of P. xylostella on cabbage at constant temperatures. Tested 
concentrations of biolep significantly prolonged the development of P. xylostella. Incubation 
period was extended to 14.5 days with 20 ppm biolep at 10°C and 5.1 days at 25°C as 
compared to 2.4 days at 35°C, while 12.4 days exposed to 5 ppm and 11.6 days in the untreated 
control at 10°C (Table-2.2.4.a). Incubation period was not significantly differed at 25° and 
30°C in the exposed and unexposed groups. Larval development was delayed significantly 
(P<0.05) in all the tested concentrations at 10° and 15°C than to 20°, 25°, 30° and 35°C. 
Developmental duration of 1'*, 2"'', 3"* and 4* instars was prolonged to 13.8,12.3,11.8 and 13.9 
days treated with 20 ppm and 11.0, 10.5, 9.4, 11.2 days, respectively in untreated groups at 
10°C. However, shortest development of 1'', 2"", 3"" and 4* instars was 2.1, 1.9, 1.9 and 2.1 
days in exposed groups and 1.4, 1.2, 1.1 and 1.4, respectively in the unexposed larvae at 35°C. 
The prepupal and pupal periods were significantly (P<0.05) affected by tested concentrations at 
constant temperatures. The pupal period was extended to 13.2 days with 20 ppm at 10°C than 
to 2.2 days at 35°C, while 11.2 and 1.5 days at 10° and 35°C, respectively in the untreated 
control. It was not significantly differed at 20° and 25 °C in both the exposed and unexposed P. 
xylostella. A total of 51.8 days required for development of immature treated with 5 ppm as 
compared to 42.1 days in the untreated control at 10°C. The longevity of the adults was also 
influenced by the concentrations of neemazal at constant temperatures. Adults are survived to 
22.5 days at 10°C and 5 days at 35°C exposed to 5 ppm as compared to 24 days at 10°C and 5.1 
days at 35°C in the untreated control. P. xylostella required 92.0 days at 10°C and 31 days at 
25°C as compared to 104 and 18 days at 10° and 35°C, respectively with 20 ppm of biolep. 
The development per day was calculated with biolep at constant temperatures for each 
life stages to obtain daily development rate of P. xylostella. The regression data differed 
significantly (P<0.05) at different probability levels (Table-2.2.2.1.b-2.2.2.4.b). Lower thermal 
threshold (Tmin) of the egg stage was 5.66°C treated with 20 ppm of biolep as compared to 
8.05°C in the untreated control. 1*', 2"'^  and 4* instars showed considerable variation in 1 min iri 
all the tested concentrations. Tmin ranged from 5.92° to 6.89°C in the treated larval stages, while 
8.26 to 8.49°C in the unexposed groups. The pupa was unable to develop below to 7.13° 
exposed to 20 ppm and 7.84°C in the unexposed groups. Adult was survived at Tmin of 5.42°C 
treated with 20 ppm and increased fi-om decreasing concentrations fi-om 15 to 5 ppm as 
compared to 7.05°C in the untreated P. xylostella. 
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Thermal constant (K) differed significantly (P<0.05) to the concentrations of biolep. 
The maximum heat for embryonic development was 86.2°C-day exposed to 20 ppm and 
decreased to 63.7°C-day with 5 ppm as compared to 59.5°C-day in the unexposed eggs (Table-
2.2.4.b). 66.2 to 75.8°C-day heat were accumulated with 20 ppm for the larval development as 
compared to 36.5 to 47.9°C-day in the untreated control. A total of 284.4°C-day were required 
for development of larval stages and decreased to 192.8°C-day treated with 5 ppm. The total 
heat accumulated by immature stage were 508°C-day with 20 ppm of biolep than to 294.1°C-
day for unexposed P. xylostella. Adult stage required 277.8°C-day treated with 5 ppm and then 
decreased with increasing temperature as compared to 181.4°C-day in the untreated control. 
Degree day (DD) requirement has increased with increasing the temperature from 10° to 
30°C, while decreased above 30°C with tested concentrations of biolep (Table-2.2.2.1.c-
2.2.2.4.C). Degree day required for the embryonic development was increased from 63.10 to 
118.54 DD treated with 20 ppm biolep, when temperature increased from 10° to 30°C and 
70.42 DD at 35°C. The heat units required by 4* instar exposed to 20 ppm was highest as 
compared to 25.84, 63.36 and 38.23 DD in the untreated groups at 10°, 30° and 35°C, 
respectively than other instars among the tested concentrations. The pupal stage has required a 
heat unit of 122.5 DD with 20 ppm biolep and 68.05 in the untreated control at 30°C. Total 
degree day requirement in immature stage (egg to pupa) was maximum (690.86 DD) treated 
with 20 ppm biolep, while 378.94 DD in the untreated control at 30°C. Total heat units required 
ranged from 202.78 to 679.24 DD from 5 to 20 ppm than to 195.0 to 385.3 DD in the 
unexposed groups at 10° to 35°C, respectively. 
Values of R and RSS are presented (Table-2.2.2.1.d-2.2.2.4.d.). Tmax for egg stage was 
40.31°, 40.63°, 40.74° and 40.85°C with 20, 15, 10 and 5 ppm biolep than to 41.01°C in the 
unexposed eggs. Tmax for larval stage ranged from 41.05° to 41.70°C with 20 ppm as compared 
to 41.26° to 43.77°C in the untreated control. There was a substantial variation in Tmax of 2"'', 
3 '^' and 4'*^  instars. Tmax of pupal stage was 41.78°C in 20 ppm treated while 42.57°C in the 
untreated control. Adult stage was active between 40.26° to 41.54 °C in exposed to biolep than 
to 41.62°C in the unexposed adults. Tmin for embryonic development was 7.41° to 8.85°C in the 
treated groups, however 8.59°C for untreated eggs. 1^ ' and 4"^  instars were found to be sensitive 
to Tmin in the treated and untreated control. Tmin for pupal stage was higher than to other stages 
in both the treated and untreated control. Adult was active at a temperature of 7.02° to 7.45°C 
in exposed than to 6.69°C in the unexposed aduh. The ambient temperature or Topt was 33.90°C 
for embryonic development with 20 ppm of biolep, while 32.62°C in the untreated control. Topt 
for larval stages was in the range of 33.47-34.27°C in exposed as compared to 32.62-36.16°C 
in the unexposed larvae. Considerable variation has occurred in ambient temperature of pupal 
66 
stage in the treated and the untreated control. Topt was decreased from 34.52° to 32.81°C with 
increasing the concentrations from 5 to 20 ppm,while 34.93°C in the untreated control. 
2.1.3. Effect of imidacloprid on the development of P. xylostella on cabbage at constant 
temperatures: 
Development of P. xylostella on cabbage was significantly (P<0.05) affected by 
imidacloprid (Table-2.2.3.1.a-2.2.3.4.a) at constant temperatures. LC25 and LC50 of 
imidacloprid significantly (P<0.05) prolonged the development of P. xylostella than to the 
untreated control and it was concentration dependent. Incubation period was extended to 17.6 
days with LC50 at 10°C than to 2.8 days at 35°C; however, it was 11.6 days in the untreated 
control at 35°C as compared to 1.8 days at 10°C. Incubation period was longer at 10° and 15°C 
than to 20°, 25°, 30° and 35°C in the treated and untreated control. A total larval duration was 
64.3 days when exposed to LC50 while 61.0 days to LC25 than to 42 days in the unexposed 
groups at 10°C. The pupal period prolonged significantly (P<0.05) and differed in LC25 and 
LC50 of imidacloprid at constant temperatures. It was extended to 17 and 2.6 days treated with 
LC25 and 11.2 and 1.5 days in the untreated control at 10° and 35°C, respectively. 
Developmental period of immature increases from 15.6 to 103.3 days with decreasing the 
temperature from 35° to 10°C in the treated than to (8.9 to 68 days) in untreated control. The 
longevity of adult was 17.7 and 4.4 days when treated with LC50 while 24 and 5.1 days in the 
unexposed groups at 10° and 35°C, respectively. The total developmental period from egg to 
adult was prolonged to 121 days with LC50 and 92 days in the untreated control at 10°C. A total 
of 45 days required to complete its life exposed to LC50 and 19.7 days to LC25 at 25°C. 
The development per day was calculated with LC25 and LC50 imidacloprid and the data 
was regressed. The regression data differed significantly (P<0.05) at different probability levels 
(Table-2.2.3.1.b-2.2.3.4.b). Lower thermal threshold (lm\n) for embryonic development was 
6.53°C with LCsoas compared to 8.05°C in the unexposed groups. Tmin was ranged from 6.78° 
to 7.42°C in larval stages with LC50, while 8.26° to 8.49°C was calculated in the untreated 
control. The prepupa was resistant to low temperature (4.55°C) in exposed as compared to 
7.6°C in the unexposed groups. Tmin for pupal development was 7.03°C with LC50 of 
imidacloprid,while 7.84°C in the untreated groups. Tmin for adult was 5.03°C when exposed to 
imidacloprid than to 7.05°C in the unexposed groups. 
Thermal constant (K) differed significantly (P<0.05) with LC25 and LC50 of 
imidacloprid. 95.2°C-day were required for embryonic development when treated with LC50 
and 59.5°C-Day in the untreated P. xylostella. Heat accumulated in larval development was 
317.7°C-day treated with LCsoand decreased to 236°C-day with LC25 as compared to 245°C in 
the untreated control. A total of 562.2°C-day was necessary to complete immature development 
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treated with LC50 as compared to 304.2°C-day for untreated control. A greater quantity of heat 
was required to complete the development of P. xylostella treated with LC50 and reduced to 
701.7°C-day in LC25 than to 486.0°C-day in untreated control. 
Degree day (DD) requirements were increased with increasing the temperature from 10° 
to SO C^, while decreased above 30°C when treated with LC25 and LC50 of imidacloprid (Table-
2.2.3.1.C-2.2.3.4.C). Degree day requirement for the embryonic development was ranged from 
57.77 to 124.37 DD in treated with LC50 as compared to 48.94 to 76.81 DD in the untreated 
control at 10° to 35°C, respectively. 4*** instar required greater i.e. 54.58 to 127.25 DD for its 
development than other instars with LC50 of imidacloprid than 34.58 to 104.74 DD in the 
untreated control at 10° to 30°C, respectively. The pupal stage accumulated highest heat unit 
i.e. 63.45 to 134.50 DD treated with LC50 and 27.88 to 68.05 DD in the untreated control than 
to other immature at constant temperatures. Total degree days requirement in immature stage 
(egg to pupa) were 331.98 to 743.64 DD in exposed to LC50, while 162.15 to 378.94 DD in the 
unexposed at 10° to 35°C, respectively. 
Development rate estimates with LC25 and LC50 of imidacloprid at constant 
temperatures were presented by cubic polynomial curve fitting (Table-2.2.3.1.d-2.2,3.4.d). Tmax 
for embryonic development was 40.21° and 40.64°C with LC25 and LC50, respectively as 
compared to 41.01°C in untreated control. 3 '^' instar was found to be more resistant to increase 
of temperature in the untreated control than to LC50 and LC25. Untreated pupa can be able to 
develop at 42.57°C as compared to 41.89°C treated with LC50. The adult was active between 
41.04° to 41.29°C in the treated as compared to 41.62°C in untreated P. xylostella. A 
substantial variation was found in minimum threshold temperatm-e (Tmin) for embryonic 
development with LC50 and LC25 and 8.59°C in the imtreated groups. Tmin ranged from 7.16° to 
8.0°C for larval stage in the exposed, while it was 7.61° to 8.18°C in unexposed groups. Tmin 
for pupal stage decreases with increasing the concentrations from LC25to LC50. The adult will 
remain active at 6.21° and 6.69°C in the exposed and unexposed groups, respectively. 
Embryonic development was fast at 31.93°C with LC50, while 32.62°C for the untreated 
control. Optimum temperature for larval development was in the range of 32.75° to 34.84°C in 
the exposed and 32.89° to 36.16°C in the unexposed groups. 
Temperature is the most important abiotic factor affecting insect growth, development 
rate and survival of insect (Lamb, 1992, Hallman and Denlinger, 1998). The present 
observations indicated that host plants affect the development of P. xylostella under the 
influence of neemazal, biolep and imidacloprid on cauliflower and cabbage at constant 
temperatures. Cauliflower is more preferred than the cabbage where the development was 
substantially fast. Development of P. xylostella was greatly prolonged to 121 days with LC5oof 
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imidacloprid on cabbage followed by 117 days by LC50 of imidacloprid on cauliflower as 
compared to cauliflower and cabbage (only) at 10°C. Incubation period was also significantly 
delayed to 17.6 days with LC50 of imidacloprid on cabbage as compared to concentrations of 
neemazal and biolep on cauliflower and cabbage at 10°C. A significantly increase in the 
development time of larva was 64.3 days treated with LC50 of imidacloprid on cabbage^  while 
61.7 days with the same treatment were on cauliflower as compared to 57.8 and 42.1 days on 
cauliflower and cabbage (only), respectively. P. xylostella develops between 10° to 32.5°C, but 
did not survive at 35°C. Other studies performed with this species reported the similar results 
(Liu et al., 2002, Golizadeh et al, 2007), although individuals of some tropical populations 
were able to complete the development at 35°C with a high mortality rate (Shirai, 2000). 
The relationship between insect developmental rate and temperature is an important 
ecological variable for modeling population dynamics of insects (Jarosik et al, 2002) and 
predicting the development time of an insect pest in relation to temperature can be an important 
tool for pest management (Roy et al, 2002). The relationship between temperature and 
development of insects tends to be nonlinear over the ftill range of tolerable temperature 
(Logan et al, 1976, Lactin et al, 1995). As temperature increases, their rates of development 
increases up to a temperature optimum, above which they again decreases and eventually cease 
at their temperature maximum that limits by inactivity and destruction of some enzymes 
(Howe, 1967). Metabolism is reduced, probably due to denaturation of enzymes (Chapman, 
1998) and rates of diffusion are reduced and the degree of denaturation of membrane lipids 
increased (Milanovic et al, 1989). It is also assumed that three states are usually occurred for 
molecules in a chemical reaction: (1) inactive due to low temperature (2) active (3) inactive due 
to high temperature (Sharpe and De Michele, 1977, Schoolfield et at., 1981). It is well known 
that relationship between temperature and development rate in insects is linear over most of the 
normal operating, middle range of the temperature, but become sigmoid over the whole 
temperature range that permits development (Howe, 1967, Lactin et al, 1995, Liu et al, 1995). 
Several models have been used to determine the developmental rates that can be used to 
understand and to predict important events in the insect life cycle (Shoemaker et al, 1988) or 
insect abundance for control strategies (Briere et al, 1996, 1999). It has been shown that at 
both unfavovirably low and high temperatures affected the development of P. xylostella (Howe, 
1967). Liu et al. (2002) determined that P. xylostella could not develop from egg to adult 
emergence outside the range of 8- 32°C. However, complete development was possible for 
some individual instars at temperatures below or above that range. Moreover, different stages 
and instars varied in their temperature limits for complete development, with the later instars 
having wider range. It is obtained by Shirai (2000) that the larvae of P. xylostella developed 
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well between 15-30°C but their development is severely inhibited at 32.5°C and temperature 
over 33°C had a fatal influence on egg production and larval development. The development of 
P. xylostella was fast when the temperature increased from 10° to 25°C and immature stage 
completed the development in 26.70 days on Indian mustard whereas, shortest (22.25 days) on 
cabbage at 25°C (Ansari et ah, 2010). The development period of immature stage of P. 
xylostella was prolonged at 7°C and the shortest at 37°C, while 22.32 and 17.33 days were at 
25°C, respectively on cauliflower (Ahmad, 2009). Wang et al. (1997) recorded a decline in 
development beyond 32°C. Golizadeh et al, (2007) also reported that the number of days to 
complete larval development declines as temperature increased and the development time was 
shorter on cauliflower than the cabbage. Incubation period decreased with increasing 
temperature up to 32.5°C, while life cycle was shortest at 37°C and prolonged at 10°C. 
However, 99.50 days was found at TC. The development time of the immature stages 
decreased linearly with the increase of temperature between 10° and 30°C. Above 30°C, the 
development rate was clearly reduced (Marchioro and Foerster, 2011). Whereas. Harcourt 
(1954) recorded that the larval period was 16.60 and 17.50 days was 20°-30°C, respectively 
which is almost at par with Liu et al. (2002). It was suggested by Ahmad (2009) that host plants 
have significantly affected the development of P. xylostella. Development period from egg to 
pupal stage was found to be shortest on cauliflower and prolonged on radish. The longest and 
shortest developmental times from neonate to the end of pupal stage were 15.06 and 13.76 days 
on canola and kohlrabi, respectively (Golizadeh et al., 2009a). Saeed et al. (2010) reported the 
developmental time from eggs to adult eclosion was the shortest (10 days) on canola and the 
longest (13 days) on turnip and found that canola and mustard proved to be the most suitable 
hosts for P. xylostella because of shorter developmental period. 
Larval development time was significantly prolonged by the application of neem based 
insecticides as compared to control. A slower rate of development and failure to moult has been 
previously reported for P. xylostella treated with neem extracts (Isman, 1995, Liang et al., 
2003) as well for other insects (Schmutterer, 1990, Isman et al., 1990). Results from Ahmad et 
al. (2012a) confirmed that neemazal, neemix and neemexcel at 15 and 20 ppm have a severe 
impact on the ability of P. xylostella to moult. Moulting disruption at the time of pupation is 
perhaps the most dramatic physiological effect of neem that has been observed in Lepidoptera, 
with larvae failing to initiate the larval-larval and larval-pupal moult (Schmutterer, 1995). 
Whereas, Charleston (2004) found the development of P. xylostella was significantly prolonged 
when fed on neem treated plants which means that P. xylostella will be made available to 
natural enemies on the treated plants for longer period. Extracts of M azedarach and A. indica 
have caused an adverse effect on development of P. xylostella (Charleston et al, 2006). 
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However, El-Hawary and Abd El-Salam (2008) observed prolonged development period when 
nymphal stages of Aphis craccivora exposed to nimbecidine treated plants. Contrary results 
were obtained by Seljasen and Meadow (2006) who observed depressed development of larvae 
in Mamestra brassicae treated with neem extract, as they failed to develop from 1*' to 2"** 
instars and died after 14 days. According to Verkerk and Wright (2006) that neem extracts, 
AZT and neemazal delayed the development of a proportion of surviving larvae. Duration of 
development of immature was significantly prolonged at 20 mgL'' of neemarin and 
correspondingly decreased down vdth concentration (Ahmad et al., 2012b). Similar 
observations were reported by Kumar and Chapman (1984) who observed the effect of 
sublethal concentrations (LCi and LC50) of permethrin, fenvalerate, methamidophos and 
carbaryl on development of P. xylostella. Thoy observed a prolonged duration of the larval 
period from 3^** instar to pupation and deformed pupae, while spinosad (LC25 or LC50) 
prolonged the development time of P. xylostella (Yin et al., 2008). Ahmad et al. (2012a) found 
that neemazal, neemix and neemexcel prolonged the development of P. xylostella and it was 
concentration dependent. The overall development period of P. xylostella was significantly 
prolonged in 20 ppm of neemazal as compared to untreated control and other neemazal 
concentrations tested. 20 and 15 ppm of neem based insecticides significantly increased the 
developmental time as compared to untreated control. The developmental period tended to be 
prolonged in the treatment groups except at 20°C (Fujiwara et al., 2002). However, fenvalerate 
prolonged the development period of P. xylostella in all the treatments (Hui et al., 2010). 
While, sublethal concentrations of hexaflumuron prolonged larval, prepupal and pupal 
developmental time and adult longevity of P. xylostella (Mahmoudvand et al, 201 lb). 
Tmin for embryonic development increases with decreasing the concentrations of 
neemazal, biolep and imidacloprid on cauliflower and cabbage. It was 7.91 °C treated with LC25 
on cauliflower than to the imtreated control on both treated v^th neemazal, biolep and 
imidacloprid and decreased to 6.71 °C treated with LC50 as compared to 8.02°C for untreated 
control on cabbage. Tmin was lower for larval stages treated with neemazal, biolep and 
imidacloprid on cabbage and cauliflower than the untreated control on both. Golizadeh et al. 
(2007) determined the low temperature threshold of egg of P. xylostella by linear model which 
was 6.481°C on cabbage and cauliflower, while, 6.709°, 9.376°, 7.566° and 7.061°C on larva, 
pre-pupa, pupa and adult, respectively. They also determined Tmin for egg to adult development 
was 7.06° and 7.84°C on cauliflower and cabbage, respectively. By application of Briere-2 and 
Lactin -2 for Tmin were 6.20° and 6.00°C on cauliflower and cabbage, respectively and 6.94° 
and 7.75°C on cauliflower and cabbage, respectively. Liu et al. (2002) obtained Tmin for egg 
stage of P. xylostella was 7.30°C (degree-day model), 8.32°C (Logistic equation) and 8.34°C 
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(Wang model). They also found variation for Tmin from egg to adult emergence by application 
of degree-day, logistic equation and Wang models viz. 7.40°, 8.32° and 8.32°C, respectively. 
The highest R^  and smallest RSS were obtained by application of Briere-2, Lactin-2, Logan-10, 
Sharpe and De Michele and Linear models on P. xylostella. Shirai (2000) calculated the Tmin by 
application of regression equation and found the variation in Tmin of P. xylostella from different 
localities of Asia and values of R* ranged betv^ 'een 0.976-0.997. Mohandass and Zalucki (2004) 
found 7°C that was the development threshold of P. xylostella for entire immature period (egg 
to adult) by using a single degree day model. Ahmad (2009) determined Tmin for egg stage was 
8.74°C and 2.17°C for 4* instar of P. xylostella and aduh can able to live at 6.75°C. 
Thermal constant (K) is the amount of heat that each species requires to complete its 
life cycle or part of it, regardless of temperature to which it is expressed. It provides a valuable 
tool for insect pest control, in forecasting infestation, monitoring and timing of insecticide 
application (Zalom et al, 1983). According to Trudgill (1995) that species with low Tmin 
develop faster at low temperatures, while warm adapted species develop faster at high 
temperatures. Therefore, higher Tmin and lower K are expected for populations of tropical 
regions, whereas in subtropical and temperate regions a lower Tmin and higher K is expected 
(Trudgill and Giliomee, 1994). Thermal constant differed significantly with concentrations of 
neemazal, biolep and imidacloprid at constant temperatures. A greater quantity of heat 
(95.2°C-<iay) was required for embryonic development with LC50 of imidacloprid on cabbage 
than to other treatment on cabbage and cauliflower and the lowest (59.5°C-day) on cabbage 
(only). A total of 446.3°C-day required by a larva to complete its development treated with 20 
ppm of neemazal and reduced to 192.8°C-day with biolep 5 ppm as compared to 245°C-day on 
cabbage (only). However, larval development required 294.5°C-day treated with LC50 of 
imidacloprid and 173°C-day with 5 ppm of biolep as.compared to 152.6°C-day on cauliflower 
(only). Therefore, cauliflower is more preferred and suitable host where smaller quantity of 
heat is required for the development of larvae than that of cabbage. Thermal heat required for 
prepupal and pupal stages increased with increasing the concentrations of neemazal, biolep and 
imidacloprid on cauliflower and cabbage. Adult stage required highest amount of heat 
(277.8°C-day) treated with 5 ppm of biolep as compared to l81.8°C-day in cabbage (only). 
While, 258.7°C-day required with 20 ppm of neemazal and reduced to l72.4°C-day in 
cauliflower (only). However, 58.113 °C-day was obtained for egg stage of P. xylostella reared 
on cauliflower and cabbage (Golizadeh et al, 2007), 52.10 °C-day on P. xylostella (Liu et al, 
2002) and 58.113°C-day when P. xylostella reared on cauliflower (Ahmad, 2009). Whereas, 
species to species differences in °C-day requirement is due to rates of egg development 
(Honek, 1996). Generally, insect egg hatch ranged from <200 to >500°C-day (Honek, 1996, 
72 
1999). Liu et al. (2002) obtained 268.20 °C-day for P. xylostella from egg to emergence of 
adult on cabbage. While, Golizadeh et al. (2007) reported 263.745 °C-day in P. xylostella on 
cauliflower and 261.585 °C-day on cabbage. A total of 373.45°C-day (linear model) required to 
complete the life of adult in P. xylostella on cauliflower (Ahmad, 2009). However, a maximum 
of 250°C-day required to complete the life of adult of P. xylostella with lower thermal 
threshold of 6.75°C. It is due to insects that fly have higher metabolic rates and spend more 
energy than less active species, both when active and at rest (Reinhold, 1999). 
Degree days (DD) differed between species with similar slope {Tb) and it is due to 
innate differences in rates of differentiation and development (Trudgill et al., 2005) as well as 
quality and availability of resources required for growth and the efficiency with which those 
resources are used for growth. Degree day (DD) requirement increased with increasing the 
temperature from 10° to 30°C and decreased above 30°C in all the treatments on cauliflower 
and cabbage in the present study. Degree day requirement for immature development was 
greater (743.64DD) at 30°C when treated with LC50 of imidacloprid than to other treatments as 
compared 341.52 DD on cauliflower (only). However, a higher quantity of heat required for 
development of immature when treated with 20 ppm of neemazal than to other treatments on 
cabbage and the control. Butt and McEwen (1981) reported an average of 29°day degrees that 
were required to complete one generation of P. xylostella on Brussels sprout, while 283 DD 
reported by Harcourt (1954) on the cabbage. Since DD requirements for development to 
maturity ranged from <100 °C-day in some species of aphids to >4000 °C-day in Periplaneta 
fuliginosa (Honek, 1996). Honek (1996) fiuther emphasized that DD requirement for insects to 
become adult were associated more with differences in larval requirement than those for eggs 
or pupae. The parameters estimated for a tropical population from Indonesia (Latitude 3° S) 
were S.TC and 232.5 DD, respectively (Shirai, 2000). In contrast. To and K estimated for 
populations of China (Liu et al, 2002, latitude 30° N), Iran (Golizadeh et al, 2007, latitude 35° 
N), Japan (Shirai, 2000, latitude 43° N) and Brazil (present study, latitude 25° S) were 7.4°C 
and 268.2 DD, 7.0°C and 263.7 DD, 6.7°C and 285.7 DD and 6.3°C and 312.5 DD, 
respectively. Therefore, maximum DD (426.68) were required to complete the development 
from egg to emergence of adult at 25°C and lowest at 7°C on P. xylostella. DD requirement 
increases upto 25°C and then declines above 30°C and found to become zero at 40°C. The 
greatest amount of heat accumulated (285.61 DD) at 25°C and smallest (87.58DD) at 37°C for 
adult (Ahmad, 2009). P. xylostella required 312.5 degree-days above the lower threshold of 
6.3°C to complete the development from egg to adult (Marchioro and Foerster, 2011). 
Tmca for embryonic development was 42.53°C in cauliflower only and 4l.96°C treated 
with 10 ppm of biolep. While, T^ oxOn cabbage was 42.02°C treated with 10 ppm of neemazal 
73 
and it was decreased to about 40°C in other treatments. Tmax was highest for S"^** instar treated 
with 5 ppm of neemazal than to other instars with exposed and cauliflower and cabbage only. 
Substantial variations were determined in T„uix of 1^ ', 2"*^  and 4* instars in the treated and 
untreated control. Minimum threshold temperature (!„/„) required for embryonic development 
was 8.59°C in cabbage (only) and decreased in the treated groups, while 8.86°C was calculated 
on untreated cauliflower. S*^** instar was more sensitive to decreasing temperature than other 
instars treated with insecticides. Variations in Top^ were substantial in both treated and untreated 
control. Optimum temperature (Topt) was 32.70°C for egg stage and fractional difference was 
estimated for Topt on 1**, 2"'* and 3"* instars and 30.3°C for adult stage of P. xylostella. 
Mohandass and Zalucki (2004) suggested that the inclusion of lower temperature regimes in the 
experiments that would give an indication of the differences in development rate among strains 
from temperate zones against those from tropical and subtropical zones. Liu et al. (2002) 
determined Topt and Tmax by application of Wang model and reported that Topt and Tmax for egg 
stage was 22.09° and 34.75°C, respectively and from egg to emergence of adult was 22.79° and 
35.49°C, respectively. However, Topt and Tmax determined by Briere-2, Lactin -2, Logan -10, 
Sharpe and De Michele were found to be 30.77° and 35.00°, 36.58° and 37.75°, 34.96° and 
35.00°, 31.00° and 35.95°C, respectively for P. xylostella on cauliflower (Golizadeh et al, 
2007). hi fact, the development time registered (72.6 days) at a temperature closer to the lower 
thermal limit evaluated in our study (10°C), which was lower than 88.8 days (Liu et al., 2002), 
85.1 and 81.2 days (Golizadeh et al, 2007) at 10°C. T max was determined by cubic polynomial 
equation, which revealed that Tmax for egg, 1^^ and 4* instar, pupa and adult was 44.00°, 42.93°, 
41.03°, 41.47° and 40.31°C, respectively (Ahmad, 2009). Considering the lower and upper 
temperature thresholds that were estimated by the nonlinear models, P. xylostella may also 
svirvive at temperatures below 0°C for up to two months (Gu, 2009). 
2.1.1.1.a. Effect of neemazal (20ppin) on the development of P. xylostella on cauliflower, B. o. botrytis 



























































































































Means followed by same letter in column arc not significantly different {p^O.OS) by Tukey's HSD 
2.1.1.1 .b. Estimates of linear regression curve fitting on the development of P. xylostella 


















































































(p-0.05) 0.03 6.4 
/(.,26) 72;5 1254.3 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1.1.1 .c. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.1.1.1 .d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.1.1.2.a. Effect of neemazal(15ppm) on the development of/'. xy/oj/e/Za on cauliflower, B. o. botrytis 



























































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1.1.2.b. Estimates of linear regression curve fitting on the development off, xylostella 


















































































(p=0.05) 0.04 5.3 
/(..26) 47.1 326.5 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.I.I.2.C. Degree days (Arnold method) for development of P. xylostella at constant temperateres 




























































2.1.1.2.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.1.1.3.a. Effect of neemazal (10 ppm) on the development of P. xylostella on cauliflower, B. o. botrytis 
var. Pusi at constant temperatures 























































































^^'^„c^ 0.76 0.65 0.46 0.71 0.09 0.58 4.52 1.43 5.82 
(p=o.05) 0 53 
/(5.I7) 284.3 317.6 426.8 496.3 296.3 1454.2 371.2 234.1 345.4 289.4 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1.1.3.b. Estimates of linear regression curve fitting on the development off , xylostella 


















































































(p=0.05) 0.04 5.3 
/(..26) 47J 326.5 
Means followed by same letter in column arc not significantly different (p=0.05) by Tukey's HSD 
2.1.1.3.C. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.1.1.3 .d. Estimates of cubic 





















































































2.1.1.4.a. Effect of neemazal (5 ppm) on the development of P. xylostella on cauliflower, B. o. botrytis 
var. Pusi at constant temperatures _ ^ 


























































































, nn« 0.69 0.56 0.41 0.35 0.74 0.13 0.63 4.34 1.52 5.47 
\p= 0.05) 
/(5.I7) 337.5 371.4 457.8 517.6 287.4 1074.2 411.8 263.7 311.2 256.4 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.1.1.4.5. Estimates of linear regression curve fitting on the development of P. xylostella 


















































































(p-0.05) 0.03 4.2 
/(..26) 58^ ;6 573.4 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1.1.4.0. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.1.1.4.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 
Stages F P df R^  RSS 








































































2.1.2.1.3. Effect of biolep (20 ppm) on the development of P. xylostella on cauliflower, B. o. botrytis 
























































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.1.2.1.b. Estimates of linear regression curve fitting on the development of P. xylostella 


















































































(p=0.05) 0.02 6.1 
/(M«) 9L7 ^ 728.3 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1.2.1 .c. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.1.2.1 -d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.1.2.2.a. Effect of biolep (15 ppm) on the development of P. xylostella on cauliflower, B.o. botrytis var. Pusi 
at constant temperatures 


























































































(p-0.05) 0.69 0.57 0.48 0.41 0.64 0.12 0.51 4.15 1.43 5.87 
/(5.I7) 268.3 83.6 312.2 336.2 279.7 1029.8 327.5 262.3 416.2 396.5 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1 ^ .I.b. Estimates of linear regression curve fitting on the development of P. xylostella 


















































































(p-0.05) 0.04 4.6 
/(..26) 44J 533.8 
Means followed by same letter in column are not significantly different (p==0.05) by Tukey's HSD 
2.I.2.2.C. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.1.2.2.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 

















































































2.1.2.3.3. Effect of biolep (10 ppm) on the development of P. xylostella on cauliflower, B. o. botrytis 
var. Pusi at constant temperatures 


















































































, nno 0-58 0.47 0.38 0.35 0.29 0.1 0.41 3.99 1.56 5.32 
ip'^ 0.05) 
/(5.I7) 316.2 406.7 485.2 523.4 566.3 1175.6 289.2 358.4 387.5 423.3 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.1.2.3.b. Estimates of linear regression curve fitting on the development of P. xylostella 
Tmin (°C) Stages a b df F P R^  RSS T„ 








































































(p-0.05) 0.04 4.6 
/(.,26) 44J 533.8 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.I.2.3.C. Degree days (Arnold method) for development off, xylostella at constant temperateres 










































































2.1.2.3.d. Estimates of cubic 





and threshold temperatures for P. xylostella 
RSS Tmin (°C) 'opt T 
* max 
Egg 2.12 0.24 4,8 0.61*0.14 0.076 7.47 34.49 41.96 
Li 1.61 0.32 4,8 0.55*0.19 0.1474 8.26 33.09 41.35 
L2 1.48 0.35 4,8 0.53*0.23 0.2033 8.7 32.51 41.21 
L3 1.50 0.34 4,8 0.53*0.25 0.2547 8.92 32.79 41.71 
L4 1.31 0.39 4,8 0.50*0.2 0.1606 8.28 33.67 41.95 
PP 7.14 0.04 4,8 0.84*0.22 0.1898 7.75 33.74 41.49 
P 1.63 0.32 4,8 0.55*0.15 0.0911 8.23 34.70 42.93 
A 2.75 0.18 4,8 0.66*0.05 0.0110 8.08 32.52 40.6 
2.1.2.4.a. Effect of biolep (5 ppm) on the development of P. xylostella on cauliflower, B. o. botrytis 



























































































































Means followed by same letter in column arc not significantly different {p=0.05) by Tukey's HSD 
2.1.2.4.b. Estimates of linear regression curve fitting on the development of P. xylostella 

















































































0.03 3.2 LSD (p=0.05) 
/(.,2«) 5 U 272.5 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.I.2.4.C. Degree days (Arnold method) for development off, xylostella at constant temperateres 










































































2.1.2.4.et Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.1.3.1.3. Effect of Imidacloprid (LC50) on the Development of P. xylostella on cauliflower, B. o. botrytis 
var. Pusi at constant temperatures 


























































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.1.3.l.b. Estimates of linear regression curve fitting on the development off , xylostella 

















































































0.04 5.4 LSD (p=0.05) 
/(..2«) 643 772.6 
Means followed by same letter in column are not significantly different {p^O.05) by Tukey's HSD 
2.1.3.I.e. Degree days (Arnold method) for development oiP. xylostella at constant temperatures 










































































2.1.3.1.d. Estimates of cubic 






















































































2.1.3.2.0. Effect of Imidacloprid (LC25)on the Development of A xylostella on cauliflower, B. o. botrytis 
var. Pusi at constant temperatures 










































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.1.3.2.b. Estimates of linear regression curve fitting on the development off, xylostella 


















































































(p-0.05) 0.03 4.3 
/(«.:6) 422 1142.3 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.I.3.2.C. Degree days (Arnold method) for development of P. xylostella at constant temperateres 










































































2.1.3.2.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.1.4.a. Development of P. xylostella on cauliflower, B. o. botrytis var. Pusi at constant temperatures 


























































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.1.4.5. Estimates of linear regression curve fitting on the development of P. xylostella 


















































































(p=0.05) 0.01 3.3 
/(«,26) 83,5 279.5 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.1.4.0. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.1.4.d. Estimates of cubic 





and threshold temperatures for P. 












































































2.2.1.1.3. Effect of neemazal (20 ppm) on the development of P. xylostella on cabbage, B. o. capitata var. 


























































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 

































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.1.1 .c. Degree days (Arnold method) for development of P. xylostella at constant temperatures 




























































2.2.1.1.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.2.1.2.3. Effect of neemazal (15 ppm) on the development of P. xylostella on cabbage, B. o. capitata var. 
Golden Acre at constant temperateres 

























































































1.12 0.65 0.73 1.2 0.57 0.81 4.82 1.22 3.74 LSD (p-0.05) 
/(5.17) 231.40 124.3 293.8 258.6 148.6 187.2 254.6 338.6 213.7 346.3 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 


































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.1.2.C. Degree days (Arnold method) for development off, xylostella at constant temperatures 





























































2.2.1.2.d. Estimates of cubic polynomial curve(D = a + bt + cT2 + dT3) and threshold temperatures for P. xylostella 









































































2.2.1.3.a. Effect of neemazal (10 ppm) on the development of P. xylostella on cabbage, B. o. capitata var. 



























































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.2.1.3.b. Estimates of linear regression curve fitting on the development of P. xylostella 

















































































LSD (p= 0.05) 0.04 7.83 
/(g.26) 56A 1854.2 
Means followed by same letter in column are not significantly different (p=0.05) by Tuicey's HSD 
2.2.I.3.C. Degree days (Arnold method) for development of P. xylostella at constant temperatures 



































































2.2.1.3.d. Estimates of cubic polynomial curve (D = a + bt + cT2 + dT3) and threshold temperatures for P. xylostella 









































































2.2.1.4.3. Effect of neemazal (5 ppm) on the development of P. xylosteiia on cabbage, B. o. capitata 
var. Golden Acre at constant temperatures 
T(°C) Egg Li L2 L3 U PP P IS A Total 
5 NCD _ _ _ _ _ - - _ -
10 14.7±1.0" 13.9±0.8' 12.5±0.7' 12.8±0.9" 13.5±I.0' 3.3±0.4' 12.9±0.9' 83.6±4.1" 2I.4±1,5' 105.0±5.2' 
15 8.2*0.7" 7.2±0.7'' 6.9*0.6" 6.5±0.7" 7.5±0.8" 2.4±0.3" 8.2±0.8" 47.0±3.7" I7.0±l.2" 64.0±4.3" 
20 5.2±0.6' 4.3*0.5" 4.2±0.4' 3.9±0.4' 5.0±0.6' 1.9*0.2' 5.6*0.6° 29.7*2.6' 11.3*0.9' 41.0*3.7' 
25. 4.7*0.5'' 4.2*0.4' 3.6*0.3'' 3.3*0.3' 4.6*0.5' 1.6*0.2"' 5.3*0.5' 27.5*2.4' 8.6*0.7'' 36.0*3.2' 
30 notes'* 3.7*0.3'* 3.1*0.3' 2.8*0.2" 3.9*0.3'' 1.6*0.2'' 3.9*0.4'' 22.4*2.0'' 8.5*0.6" 31.0*2.7" 
35 2.0*13.2' 1.6*0.1' 1.4*0.1'' 1.3*0.1' 1.8*0.2' 1.0*0.1' 1.9*0.2' 11.00*0.8' 5.0*0.4' 16.0*1.2' 
40 NCD - ;; ;; - ;; - ^ -
LSD 
(p=o.05) 1.24 0.73 1.04 0.23 0.67 3.78 0.73 5.93 
0.56 0.34 
/(S.17) 374.3 473.4 489.6 348.3 263.2 411.3 378.4 176.4 213.6 339.4 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.1.4.b. Estimates of linear regression curve fitting on the development of P. xylosteiia 

















































































LSD(p=o.05) 0.02 6.72 
/(8.26) 62^7 1256.2 
Means followed by same letter in column are not significantly different (p=O.OS) by Tukey's HSD 
2.2.1.4.0. Degree days (Arnold method) for development of P. xylosteiia at constant temperatures 










































































2.2.1.4.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylosteiia 









































































2.2.2.1.3. Effect of biolep (20 ppm) on the development of P. xylostella on cabbage, B. o.capitata var. 
Golden Acre at constant temperatures 






















































































,^n.. 0.40 0.32 0.21 0.16 0.35 0.14 0.56 5.76 1.27 7.16 
/(5.17) 1132.95 523.6 730.6 624.7 586.3 416.5 317.5 146.4 203.4 283.5 
Means followed by same letter in column arc not significantly different {p=0.05) by Tukey's HSD 
2.2.2.1 .b. Estimates of linear regression curve fitting on the development of P. xylostella 

















































































LSD(p=o.05) 0.02 4.23 
/(g.26) 763 761.4 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.2. I.e. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.2.2. l.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 


































































































































2.2.2.2.a. Effect of biolep (15 ppm) on the development of P. xylostella on cabbage, B. o. capitata var. 
Golden Acre at constant temperatures 
T(°C) Egg Li U L3 L4 PP P IS A Total 
12.7*0.9' 80.1*4.9° 20.9*1.4'101.0*5.9' 
8.9*0.8" 47.9*3.2" 15.1*1.2" 63.0*4.2" 
6.6*0.6' 33.9*2.6' 11.1*1.0'45.0*3.4' 
5.6*0.5" 29.8*2.2' 8.2*0.8" 38.0*2.6" 
4.6*0.4' 26.2±2.0" 7.8*0.6" 34.0*2.3" 
2.0*0.2'" 12.1*1.4' 4.7*0.4' 16.8*1.2' 
- -
LSD 
(P-0.05) 0.71 0.72 0.76 0.87 0.18 0.81 4.17 1.47 6.24 
0.93 
/(5.17) 201.57 272.00 244.37 228.2 216.6 189.4 223.6 163.7 221.2 303.4 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.2.2.b. Estimates of linear regression curve fitting on the development off, xylostella 
Stages a b df F P R^ RSS T^i„(oc) K 
Egg -0.085 0.013 4,6 17.6 0.014 0.81*0.01' 0.017 6.45 76.3*3.8' 
L, -0.103 0.015 4,6 12.0 0.026 0.75*0.09" 0.034 6.75 65.4*3.5" 
U -0.123 0.017 4,6 13.8 0.021 0.77*0.1"* 0.037 7.19 58.5*2.6' 
L3 -0.138 0.018 4,6 13.7 0.021 0.77*0.1'" 0.043 7.50 54.3*2.4'' 
L4 -O.IOI 0.014 4,6 11.9 0.026 0.75*0.09" 0.030 7.13 70.4*3.6" 
PP -0.107 0.016 4,6 634.0 <0.0001 0.99*0.03' 0.003 6.79 63.7*3.1' 
P -0.108 0.014 4,6 11.4 0.028 0.74*0.09" 0.030 7.73 71.4*3.7' 
A -0.028 0.005 4,6 36.2 0.004 0.90*0.02" 0.002 5.67 204.1*5.2" 
LSDip'C.OS) 
/(8.26) 





same letter in column are not significantly different {p=0.05) by Tukey's 
days (Arnold method) for development of P. xylostella at constant 















































































2.2.2.2.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.2.2.3.a. Effect of biolep (10 ppm) on the development of P. xylostella on cabbage, B. o. capitata var. 
Golden Acre at constant temperatures 


























































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.2.2.3.b. Estimates of linear regression curve fitting on the development off, xylostella 
Stages a b df F P R^ RSS T ^ r o K 
Egg -0.097 0.014 4,6 18.1 0.013 0.83*0.07' 0.020 6.78 69.9*3.0' 
L, -0.127 0.017 4,6 13.7 0.021 0.77±0.10' 0.039 7.29 57.5*2.6' 
L2 -0.135 0.019 4,6 14.2 0.020 0.78*0.10' 0.043 7.27 53.7*2.4' 
L3 -0.147 0.020 4,6 14.8 0.018 0.79±0.11c' 0.047 7.40 50.3*2.3^ 
L4 -0.117 0.016 4,6 12.2 0.025 0.75*0.09*^ 0.036 7.28 62.5*2.8" 
PP -0.211 0.030 4,6 162.0 0.000 0.98*0.06" 0.017 7.14 33.9*1.7^ 
P -0.097 0.014 4,6 12.6 0.024 0.76*0.08' 0.027 7.92 71.4*3.7' 
A -0.023 0.004 4,6 34.1 0.004 0.89*0.02'' 0.002 6.08 263.2*5.2" 
LSD (p-0.05) 0.03 4.08 
/(8,26) 63;2 386.5 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.2.3.C. Degree days (Arnold method) for development of P. xylostella at constant temperatures 








































































2.2.2.3.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 









































































2.2.2.4.a. Effect of biolep (5 ppm) on the development of P. xylostella on cabbage, B. o. capitata var. 
Golden Acre at constant temperatures 























































































0)=o.O5) 0.51 0.3 0.45 0.14 0.38 3.62 1.18 5.33 
0.33 0.34 
/(S.17) 887.4 1359 928.58 789.4 586.4 274.3 613.2 213.4 256.4 374.6 
Means followed by same letter in column arc not significantly different (p^O.05) by Tukey's HSD 
2.2.2.4.b. Estimates of linear regression curve fitting on the development of P. xylostella 

















































































LSD 0.-COS) 0.05 3.26 
/(8.26) 45;2 467.5 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.2.2.4.C. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.2.2.4.d. Estimates of cubic polynomial cxirve and threshold temperatures for P. xylostella 
Stages F P df ' R^  RSS T„i„(oc) T,,., T„ ' min ("C) 'opt ' m a x 
Egg 2.138 0.238 4,8 0.62*0.15 0.086 8.23 32.62 40.85 
L, 1.754 0.294 4,8 0.57*0.19 0.141 8.33 34.63 42.96 
L2 1.616 0.319 4,8 0.55*0.23 0.212 8.85 33.19 42.04 
L3 1.751 0.295 4,8 0.57*0.24 0.222 8.57 33.27 41.84 
L4 1.448 0.354 4,8 0.52*0.18 0.135 8.49 33.68 42.17 
PP 7.870 0.037 4,8 0.86*0.21 0.184 5.36 33.41 38.77 
P 1.525 0.338 4,8 0.53*0.17 0.116 8.55 33.95 42.50 
A 2.701 0.181 4,8 0.67*0.05 0.003 7.02 34.52 41.54 
2.2.3.1.3. Effect of Imidacloprid (LC50) on the Development of P. xylostella on cabbage, B. o. capitata var. 






































































































column are not significantly different (p=0.05) by Tukeys HSD 
























































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.3.I.e. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.2.3.l.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 




































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.3.2.b. Estimates of linear regression curve fitting on the development of P. xylostella 

















































































LSD (p =0.05) 0.04 5.4 
/(8.26) 652 1508.2 
Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
2.23.I.e. Degree days (Arnold method) for development of P. xylostella at constant temperatures 










































































2.2.3.2.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 








































































2.2.4.a. Development off , xylostella on cabbage, B. o. capitata var. Golden Acre at constant temperatures 


























































































(p=0,05) 0.84 0.73 0.46 0.57 0.78 0.21 0.64 3.67 
/(5.17) 245.3 278.4 312.3 303.5 284.6 46.3 296.3 165.4 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.4.b. Estimates of linear regression curve fitting on the development of P. xylostella 






















































































LSD (p= 0.05) 0.03 4.51 
/(«.26) 52^6 654.4 
Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
2.2.4.C. Degree days (Arnold method) for development of P. xylostella at constant temperatures 









































































59.17 41.02 36.27 34.98 45.87 14.12 50.14 295.41 
T^„=6.25°C 
2.2.4.d. Estimates of cubic polynomial curve and threshold temperatures for P. xylostella 










































































3.1. Effect of neem insecticides on the oviposition of P. xylostella on cauliflower, B. o. 
botrytis: 
No-choice test (2008-2009): 
Neemarin has significantly (P<0.05) reduced the oviposition on varieties of cauliflower 
under protected condition in the cropping seasons of 2008-09. Oviposition was decreased with 
increasing concentrations of neemarin, neemix and neemazal from 5 to 20 ppm. 20 ppm of 
neemarin has significantly reduced the number of eggs up to 64.2 as compared to 158.6 eggs in 
the untreated control on Pusi variety. A total of 73.4 eggs were collected on Aghani and 167.4 
eggs in the untreated control. However, 69.5 eggs were obtained on Pusa Snowboll-k-1 as 
compared to 161.3 eggs in the control. All concentrations of neemix were foimd to be effective 
and significantly reduced the oviposition. A higher number of eggs were on Aghani and Pusa 
SnowboU-kl than to Pmi. 66.3 and 62.5 eggs were on Aghani and Pusa Snowboll-kl when 
treated with 20 ppm while 101.3 and 108.5 eggs treated with 5 ppm, respectively. Neemazal 
was more effective than neemarin and neernix. 50.2, 56.3 and 59.6 eggs were collected when 
Pusi, Pusa Snowboll-kl and Aghani were treated with 20 ppm of neemazal as compared to 
152.3,158.2 and 156.7 eggs, in untreated control, respectively. 
Two choice tests: 
Oviposition of P. xylostella was significantly/non significantly differed with neem 
based insecticides on cauliflower varieties; Pusi, Aghani and Pusa Snowboll-k-l(Table-3.1. b). 
Neemarin showed a considerable (P<0.05) impact with concentration combinations on 
cauliflower varieties tested. 55.3/72.4 eggs were recorded with 20+15 ppm of neemarin which 
was not significantly differed with each other, while control+15 ppm combination (152.6/74.2 
eggs) showed a significant difference on Pusi. 20+15, 10+15 and 5+10 combinations were not 
significantly differed on Pusi, Aghani and Pusa Snowboll-k-1. A significantly (P<0.05) differed 
results were obtained with the combinations of control+20 ppm where 162.3/54.6, 171.7/58.3 
and 168.2/56.8 eggs were counted, respectively in the tested varieties. The number of eggs was 
highest on Aghani than to Pusi and Pusa Snowboll-k-1 in all the combinations tested. Neemix 
has also resulted the significant/non significant impact on oviposition. Control+20, 5+15, 
control+15, 20+15, 20+10, control+10, 20+5 and 15+5 combinations were differed 
significantly with each other. Only 47.4/66.2, 56.3/53.5 and 51.6/70.4 eggs were collected 
when treated with 20+15 ppm on Pusi, Aghani and Pusa Snowboll-k-1, respectively. Aghani 
was more preferred for oviposition than to Pusi and Pusa Snowboll-k-1 under the influence of 
concentrations of neemazal. A total of 159.4/48.3 eggs were collected on Aghani when treated 
with a combination of control+20 ppm of neemazal followed by Pusa Snowboll-K-1 and Pusi. 
A greater reduction in the number of eggs was noticed on Pusi treated with combinations of 
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20+15, 20+10 and 20+5 ppm of neemazal than that of Aghani and Pusa Snowboll-K-1 treated 
wdth the same combinations of neemazal. 
No-choice test (2009-2010): 
Oviposition of P. xylostella has significantly (P<0.05) affected by neem based 
insecticides on cauliflower varieties. 20 ppm of neemarin, neemix and neemazal have caused a 
greater reduction in the number of eggs collected on Pusi, Aghani and Pusa Snowboll K-1 than 
that of 15, 10 and 5 ppm and the control. The highest mean number of eggs was recorded on 
Aghani treated with 5 ppm of neemarin than to neemix and Neemazal. 60.3, 70.2 and 65.4 eggs 
were obtained with 20 ppm of neemarin as compared to 150.2, 157.3 and 154.6 eggs in the 
imtreated control on Pusi, Aghani and Pusa Snowboll-k-1, respectively. Similar observations 
were also recorded for neemix treatment and also significantly (P<0.05) reduced the 
oviposition on cauliflower varieties. Neemazal was found to be more effective than to neemarin 
and neemix on tested varieties of cauliflower. Oviposition was significantly reduced on Pusi as 
compared to Aghani and Pusa SnowboU-K-l. 20 ppm of neemazal significantly reduced the 
number of eggs to 46.5, 59.6 and 51.3 eggs as compared to 153.4, 158.6 and 156.2 eggs in 
untreated control on Pusi, Aghani and Pusa Snowboll-kl, respectively. 
Two choice tests: 
Oviposition of P. xylostella differed significantly/non significantly with neem 
insecticides on cauliflower varieties (Table-3.2.b). The same trend of oviposition was recorded 
as it was in the year of 2009-10. A greater reduction in oviposition on Pusi treated with 
neemazal was recorded on different combinations than to neemarin and neemix on Aghani and 
PusaSnowboU-K-l. 
3.2. Effect of neem insecticides on the oviposition of P, xylostella on cabbage, B. o. 
capitata: 
No- choice test (2008-2009): 
Neemarin, neemix and neemazal significantly (P<0.05) reduced the oviposition as 
compared to control on the cabbage varieties i.e. Golden Acre, Parvati and NS-25 (Table-^ 
3.3.a). 20 ppm of neemarin has significantly (P<0.05) reduced the oviposition off*, xylostella 
and only 61.5 eggs were recorded, however the same concentration has also caused a 
significant reduction of eggs on NS-25 (65.3 eggs) and Parvati (70.7 eggs). The highest mean 
number of eggs was at 5 ppm on varieties of cabbage that ranged between 117.2 to 125.3 eggs. 
Neemix was found to be less effective as compared to neemazal. Highest reduction of eggs 
were noticed on Golden Acre i.e. 53.6 eggs with 20 ppm of neemix than to NS-25 (57.3 eggs) 
and Parvati (63.4 eggs). However, 150.2, 153.6 and 158.4 eggs were obtained on Golden Acre, 
Parvati and NS-25, respectively in the untreated control. Neemazal was found to be more toxic 
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than to neemarin and neemix. Neemazal (20 ppm) has significantly (P<0.05) reduced the eggs 
to 47.5, 56.2 and 52.4 eggs as compared to 151.6, 160.2 and 154.3 eggs on the untreated 
control of Golden Acre, Parvati and NS-25, respectively 
Two-choice tests: 
Neem based insecticides significantly/non significantly reduced the oviposition of P. 
xylostella on cabbage varieties i.e. Golden acre, Parvati and NS-25. Neemarin has deterred the 
oviposition significantly on cabbage varieties (Table-3.3.b.). The lowest number of eggs were 
observed (50.4/69.2) with 20+15 ppm as compared to control+20 ppm on Golden acre. Parvati 
was more preferred than to NS-25 and Golden acre. Whereas, the highest number of eggs were 
obtained i.e. 158.4/51.2 with a combination of control+20 ppm as compared to other 
combinations on Parvati. 52.5/73.7 eggs were recorded with 20+15 than to 139.5/110.4 in 
control+5 ppm. Neemix was found to be more effective than to neemarin on Golden Acre, 
Parvati and NS-25. Golden Acre was least suitable for oviposition than to Parvati and NS-25 
with all the combinations. Only 42.3/61.7 and 41.3/80.6 eggs were obtained with 20+15 and 
20+10, respectively on Golden acre which was lower than to other combinations on tested 
varieties. Control+20, 5+15, control+15, 20+15, 20+10, control+10, 20+5 and 15+5 
combinations differed significantly with each other. Neemazal found to be more toxic than to 
neemarin and neemix. NS-25 was greatly preferred for oviposition over to Golden Acre and 
Parvati. 36.4/55.3 eggs were obtained with 20+15 as compared to 140.7/45.4 by control+15 
ppm on Golden Acre, However similar pattern was observed on Parvati and NS-25. 
No -choice test (2009-2010): 
Data illustrated that oviposition of P. xylostella was reduced significantly (P<0.05) on 
cabbage varieties (Table-3.4.a). Neemarin significantly (P<0.05) reduced the oviposition to 
54.5, 57.3 and 56.2 with 20 ppm as compared to 141.3, 148.5 and 145.2 eggs in untreated 
control on Golden Acre, Parvati and NS-25, respectively. Neemazal has greatly reduced the 
oviposition as compared to neemarin and neemix on cabbage varieties. Only 41.3, 52.4 and 
47.6 eggs were obtained with 20 ppm, while 143.3, 149.6 and 147.4 eggs were produced in 
untreated control on Golden Acre, Parvati and NS-25, respectively. 
Two-choice tests: 
An oviposition deterrent property was observed among the neem insecticides tested on 
cabbage varieties i.e. Golden acre, Parvati and NS-25 (Table-3.4.b). Neemarin significantly/non 
significantly reduced the oviposition of P. xylostella on tested varieties. Golden Acre was least 
preferred for oviposition v^ dth all the combinations tested. Egg difference was lowest 
(47.5/62.4) with 20+15 ppm on Golden Acre as compared to other combinations on Parvati and 
NS-25. The highest number of eggs (157.4/48.5) was collected on Parvati as compared to 
Golden Acre and NS-25. 140.7/62.3, 147.5/70.3 and 144.2/67.6 eggs were obtained treated 
with 20+10 ppm as compared to 138.3/72.6, 149.2/77.4 and 143.5/74.0 eggs, respectively. 
Neemazal was more effective than to neemarin and neemix and significantly/non-significantly 
reduced the oviposition on cabbage varieties. Golden Acre was least preferred for oviposition 
than to Parvati and NS-25. The highest number of eggs (161.3/39.5) was with control+20 
treatment on Parvati while, 154.4/30.2 eggs on Golden Acre! Whereas, 31.5/86.4,40.3/99.6 and 
36.5/93.4 eggs were obtained with 20+5 as compared to 128.3/78.4, 137.2/90.6 and 131.7/85.2 
eggs with control+5 with Golden Acre, Parvati and NS-25, respectively. While, egg difference 
was higher on Parvati than to Golden Acre and NS-25. 
Cauliflower and cabbage varieties affected the oviposition of P. xylostella under the 
influence of neemarin, neemix and neemazal through no-choice and two-choice tests. Cabbage 
varieties were less preferred for oviposition than to cauliflower. Whereas, in two choice tests, 
20+15 ppm received a lower number of eggs than to other combinations of neem insecticides in 
both seasons of 2008-09 to 2009-2010. 5+10 and 10+15 combinations were not significantly 
differed with each other on both cauliflower and cabbage varieties. Oviposition by P. xylostella 
was highest on the Brassica crops. In free-choice tests, oviposition of P. xylostella was 
significantly greater on cabbage followed by cauliflower, broccoli and kohlrabi (Reddy et al., 
2004). However, no difference was found in the number of eggs laid by P. xylostella on various 
cultivars of broccoli or cauliflower but significantly more eggs were laid on Savoy King 
(cabbage) than any of the other cabbage cultivars tested (Hamilton et al., 2005). Neem 
insecticides tend to deter oviposition by lepidopteran, homopteran, coleopteran, and dipteran 
insects (Schmutterer, 1990, 1995, Showier et al., 2004). Compounds in the neem extracts other 
than azadirachtin might be responsible for oviposition deterrent effects (Showier et al., 2004). 
While, ethanolic fiuit extracts from the syringa tree has a deterrent effect on oviposition by P. 
xylostella (Chen et al., 1996). Chandramohan and Nanjan (1992) found that a neem oil product 
reduced oviposition, but Klemm and Schmutterer (1993) reported a clear oviposition preference 
by P. xylostella for neem-treated cabbage. However, numbers of eggs laid by P. xylostella 
adults on the cabbage leaves treated with Agroneem, Ecozin and Neemix were more than to 
those treated with water (Liang et al., 2003). S. exigua laid 2.5 to 9.3 fold lesser eggs than to 
control in no-choice assay on these three neem insecticides and neem leaf powder treated 
leaves, while in a two-choice assay, significantly more eggs were deposited on the control 
leaves than to neem treated leaves. The treatment could be ranked in the following order of 
oviposition deterrence: neem leaf powder>Agroneem>Ecozin>Neemix. In a five-choice assay, 
oviposition preference was significantly lower on neem treated leaves than to the control 
(Greenberg et al., 2005). Same results were obtained by Hasan and Ansari (2011) that Neemix, 
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Ecozin, Agroneem and a non-commercial neem leaf powder reduced the eggs oviposited by P. 
brassicae adults on treated cabbage leaves. However, Charleston et al. (2005) reported a 
significantly fewer eggs were laid by P. xylostella on the cabbage plants that had been treated 
with syringa extract. 
Table-3.1.a. Effect of neem insecticides on the oviposition of P. xylostella on cauliflower 





















































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 







































































































































































































































































































Means followed by same letter in column are not significantly different {p-0.05) by Tukey's HSD 









































































































































































































































































































Table-3.3.a. Effect of neem insecticides on oviposition of P. xylostella on cabbage (2008-09) 





















































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
Table.3.3.b. Two choice tests (2008-09) 
Neemarin Golden Acre X2 Parvati X2 NS-25 X2 
Control+20 150.2±6.2*/46.5±1.8'' 26.3 
20+15 50.4±2.0'/69.2±2.3'' 1.37 
10+15 86.2±3.6'/74.6±3.4" 0.96 
5+15 112.3±4.3a/70.3±3.l'' 7.24 
Control+15 145.5±5.l''/68.4±2.8'' 13.36 
20+10 51.4±2.l''/86.5±3.6" 6.74 
15+10 65.2±2.9''/79.7±3.4" 0.85 
5+10 104.6±4.r/83.6±3.2' 1.16 
Control+10 140.7±4.lV75.4±3.5'' 9.28 
20+5 46.5±1.8Vl02.3±4.1'' 16.49 
15+5 67.2±2.7''/109.6±4.2' 11.56 
10+5 84.4±3.67113.7±4.2" 1.62 
























70.4±3.l''/l 17.3*4,3' 10.55 
89.6*3.57117.6*4.4° 2.06 
139.5*4.77110.4*4.3' 1.22 
Neemix Golden Acre X2 Parvati X2 NS-25 X2 
Control+20 154.6*5.6739.2*1.4*' 19.8 
20+15 42.3*1.4761.7*2.5" 1.14 
10+15 71.5±3.l'/63.4±2.4* 0.69 
5+15 100.4*3.9'/59.3*2.3'' 7.28 
Contro!+15 148.2±5.2'/56.5*2.2'' 15.63 
20+10 41.3*1.7780.6*3.6' 9.72 
15+10 60.2±2.4'/78.4*3.1' 1.46 
5+10 98.4*3.9'/76.2*3.0' 0.81 
Control+lO 143.7*4.6'/72.5±3.0'' 11.38 
20+5 37.3*1.6799.4*3.4" 13.24 
15+5 60.5*2.9797.3*3.9' 6.52 
10+5 78.2*3.4'/92.5±3.6' 1.16 
Control+5 132.3*3.7'/90.2±3.6'' 9.28 
162.3*5.8'/46.5*1.8'' 23.4 















































































3.4.b. Two choice tests (2009-10) 
Neemarin Golden Acre X2 Parvati X2 NS-25 X2 
Control+20 148.4±5.3''/42.3±1.7'' 18.2 
20+15 47.5±1.9'/62.4±2.3' 0.89 
10+15 76.3±2.8''/59.6±2.l" 1.17 
5+15 103.4±4.2761.5±2.2'' 7.53 
Control+15 140.7±5.0'/62.3±2.7'' 13.68 
20+10 42.3±1.8''/81.6±3.5'' 10.27 
15+10 60.4±2.4778.4±3.3' 0.95 
5+10 99.2±4.0'/75.2±3.4" 1.26 
Control+10 138.3±4.5772.6±3.2'' 9.24 
20+5 41.5±1.7''/98.2±3.9'' 17.37 
15+5 63.4±2.4''/104.5±4.2* 12.45 
10+5 78.6±3.1'/107.3±4.3' 1.64 





































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
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4.a.l. Effect of biopesticides on the management of P. xylostella on cauliflower, B. o. 
botrytis: 
Biopesticides offered a significant (P<0.05) reduction in the larvae and pupae of P. 
xylostella on cauliflower varieties at 2, 5, 8 and 11 days after spray (DAS) over control. 
Neemazal 0.50% EC was significantly (P<0.05) more effective than to neemix 0.25% EC and 
neemarin 0.15% EC on cauliflower, Pusi, Aghani and Pusa Snowboll-k-1 in all the spraying 
schedules during both cropping seasons of 2008-09 and 2009-10 (Table-4.a.l.l-4.a.2.3.). 
Application of neemazal @ 20 ppm was found to be the most effective registering 83.8, 82.3 
and 83.7% reduction of P. xylostella on Pusi, Aghani and Pusa SnowboU-k-l, respectively at 30 
days after transplantation (1*' round spray) as compared to control while, 85, 84.6 and 83.5% at 
50 DAT (2"** round spray) in 2008-09. Whereas, 82.9, 83.2 and 85.2% reduction was obtained 
in larval population over control in 1*' round spray as well as 82.6, 84.1 and 83.7% on Pusi, 
Aghani and Pusa SnowboU-k-l, respectively after 2"*" spray during 2009-10. Neemix @ 20 ppm 
was also reduced the population to 23.4-82.1, 28.6-79.8 and 24.2-81.5% by l" spray and 21.7-
82.1, 25.0-81.6 and 27.6-81.9% by 2"'* spray on Pusi, Aghani and Pusa Snowboll-k-1, 
respectively in 2008-2009, however 30.9-79.8, 31.9-80.6 and 29.4-83.5% reduction with l" 
spray and 25.5-80.3, 25.7-81.1 and 26.2-80.4% by 2"'' spray during 2009-2010. Neemazal and 
neemix did not differed significantly at 11 DAS on Pusi and Aghani varieties in 2008-09. 
Neemarin and neemexcel showed a similar efficacy during both years of study. However, these 
differed significantly (P<0.05) at 2 DAS on Pusi and Aghani in both sprays during 2008-2009. 
Application of neemarin @ 20 ppm gave highest (20.8-79.6%) reduction on Pusa Snowboll-k-1 
in r ' spray, while 23.5-79.5% on Pusi in 2008-09. However, 25.5-78.7% reduction was found 
in larval and pupal population by \^ spray on Pusa Snowboll-k-1, while 24-78.5% on Pusi over 
control in 2009-10 (Table-4.a.2.1). Neemix and neemarin differed significantly (P<0.05) with 
each other but did not differ at 8 DAS on Aghani and 11 DAS on Pusa Snowboll-k-1 by 1^ ' 
spray, while statistically similar at 11 DAS on Pusi and Aghani in 2008-09. Neemexcel and 
multineem was not at par at 2 DAS on Pusi in 1 *' spray and on Aghani in 2"** spray in 2008-09 
and 2009-10, respectivily. However, Multineem @ 20 ppm gave a reduction of 17.4-74.3, 22.9-
75.9 and 17.2-72.8% as well as 15.0-74.4, 20.3-75.4 and 21.4-72.9%, respectively in both spray 
schedules in 2008-09 (Table-4.a.l.l-4.a.l.3). While, 25.0-74.4, 25.7-74.1 and 22.3-73.7% in l" 
spray and 22.09-72.1, 18-73.2 and 18.3-73.9%, respectively in 2"'' spray as compared to control 
in 2009-10 (Table-4.a.2.1- 4.a.2.3.). Multineem and biolep was not significantly differed with 
each other at IIDAS. However, biolep and bioasp differed significantly (P<0.05) on Pusi and 
not differed significantly on Aghani and Pusa Snowboll-k-1. Biolep @ 20 ppm has reduced the 
larvae and pupae to 70.3, 73.5 and 70.7% in 1*' spray on Pusi, Aghani and Pusa Snowboll-k-1, 
80 
respectively while 70.6, 73.4 and 70.7% in 2"'' spray during 2008-09 (Table-4.a.l.l-4.a.l.3). 
However, it resulted a reduction of 73.2, 71.9 and 71.0% in l" spray and 69.7, 70.9 and 72.4% 
over to control in 2"** spray on Pusi, Aghani and Pusa SnowboU-k-l, respectively in 2009-2010. 
Bioasp @ 20 ppm was also showed a similar result as biolep on tested cauliflower varieties 
during both cropping seasons. Reduction in larvae and pupae population was also recorded 
when NSKE was used which ranged between 18.6-76.6 and 16.6-76.5% with 1^ ' and 2^ sprays, 
respectively on Pusi than to respective varieties over to control in 2008-09. B. bassiana @ 
2x10^ 1x10^2x10* and IxlO^conidia/ml was significantly/non-significantly differed with each 
other. 2xl0^conidia/ml reduced the larvae and pupae to 17.1-69.4% on Aghani in 1*' spray, 
while 16.8-69.9% with 2xl0^conidia/ml in 2"'' spray in 2008-09 (Table-4.a.l.2). However, 
maximum population was reduced to 19.1-69.5% in V"^ spray on Pusa Snowboll-k-1 with B. 
bassiana and 15.9-69.2% on Aghani during 2009-10 (Table-4.a.2.2). The concentrations of 5. 
bassiana differed significantly (P<0.05) at 8 DAS on Pusi and Pusa Snowboll-k-1. 
Biopesticides showed a non significant impact on parasites of P. xylostella on 
cauliflower varieties at 2, 5, 8 and 11 DAS over control (Table-4.a.l.l-4.a.2.3). The density of 
parasite was decreased fi'om 2 DAS to 11 DAS in all the treatment irrespective of biopesticides. 
Neemazal was more toxic than to neemix and neemarin on Pusi, Aghani and Pusa Snowboll-k-
1 in both spraying schedules during both years of 2008-09 and 2009-10. Neemazal @ 20 ppm 
greatly reduced the parasites population to 38.7-49.7% over the control in 1*' spray on Pusa 
Snowboll-k-1 in 2008-2009, however 36.7-45.1% in 2"'' spray in 2009-2010 (Table-4.a.l.3-
4.a.2.3). Neemazal and neemix were statistically (P<0.05) different with each other among the 
tested varieties. Neemix has reduced the parasites to 28.8-37.5% in 1^ ' spray on Pusi var. 
while, 25-36.1 % in 2"'' spray on Aghani during 2008-09 (Table-4.a. 1.1 -4.a. 1.2). However, 24.9-
37.5% reduction occurred with l" spray on Pusa Snowboll-k-1 and 15.3-31.7% in 2"'' spray on 
Pusi in 2009-2010. Neemarin and neemexcel were statistically at par with each other on 
cauliflower varieties. 25-30% reduction was recorded with neemarin in 1*' spray on Pusi and 
20-28.9% in 2"'' spray on Aghani in 2008-2009 (Table-4.a.l.l.-4.a.l.2). Neemexcel had a low 
impact on parasites than to neemarin on cauliflower varieties. Multineem was safer to parasites 
among the neem insecticides tested. It reduced the parasite population up to 10.9-17.9 and 9.8-
13.6% with 1*' and 2"'' round spray, respectively while^l 1.6-17.2 and 6.5-12.5% on Pusi in two 
succeeding cropping seasons. Biolep and bioasp differed significantly (P<0.05) with each other 
on cauliflower varieties. Bioasp has a low impact on parasite population than to biolep. It 
reduced the population from 7.5 to 10% as compared to 8.5 to 12.5% in 1^ ' spray on Pusi, 
however 2.3-6.7 and 6.02-11.1% over to control in 2"'' spray on Pusi in 2008-2009. NSKE was 
found safer to parasite as compared to the other neem insecticides used. It has reduced the 
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density of parasites from 12.5-15.6 and 7.8-15% 1^ ' and 2"** spray, respectively on Pusi in 2008-
09, while 8.2-10.4 and 6.8-8.6% on Pusa Snowboll-K-1 and Aghani, respectively in 2009-2010 
(Table-4.a.2.1-4.a.2.3). B. bassiana was also safer to parasites than to neem insecticides. 
Maximum reduction with B. bassiana @ 2xl0'and IxlO'conidia/ml spray was 14.1-16.7 and 
7.1-14.3%, respectively. Reduction in parasites population was 12.5-16.6 and 7.4-11.7% in 1^ * 
sprays on Pusa SnowboU-k-l, while 6.2-10.4% and 6.3-9.6% in 2009-10. Bt and B. bassiana 
showed a lower reduction in the population of parasites as compared to neem insecticides. 
Cotesia plutellae was the predominant parasite in this area. 
4.a.2. Effect of biopesticides on the management of P. xylostella on cabbage, B. o. capitata: 
Biopesticides showed a significant (P<0.05) impact on the larvae and pupae of P. 
xylostella on cabbage varieties i.e. Golden Acre, Parvati and NS-25 at 2, 5, 8 and 11 days after 
spray (DAS) over control (Table-4.a.3.1-4.a.4.3). Neemazal @ 20 ppm greatly reduced P. 
xylostella population on cabbage varieties with two spraying schedules during both years of 
2008-09 and 2009-10. It was 31.5-82.7% over to control with 1^ ' spray on Parvati as compared 
to 34.2-80.6 and 30.9-81.8%, in 2"'' spray on Golden acre and NS-25, respectively while, 27.9-
83.7% reduction in 2"'' spray on Golden acre over control in 2008-09 (Table-4.a.3.1-4.a.3.3). 
Similarly, 35.1-84.6 and 33.3-84.5% reduction was observed in 1^ ' and 2"** sprays, respectively 
on Golden acre during 2009-10 (Table-4.a.4.1-4.a.4.3). Neemazal, neemix and neemarin 
differed significantly (P<0.05) with each other on the tested varieties of cabbage. Neemix @ 20 
ppm gave 27.6-79.5 and 25.4-79.1% reduction in population in 1^ ' and 2"** sprays on NS-25 and 
Golden Acre, respectively in 2008-09 (Table-4.a.3.3-4.a.3.1), while 25.9-82.0 and 27.7-81.2% 
larvae and pupae were reduced with two sprays on Golden Acre and NS-25, respectively during 
2009-2010 (Table-4.a.4.1-4.a.4.3). Neemix and neemarin were not differed significantly at 8 
and 11 DAS in 1^ ' round spray on Golden acre and at 5 and 8 DAS in 2"** spray on NS-25 in 
2008-09 (Table-4.a.2.1). Neemarin and neemexcel were statistically similar on tested cabbage 
varieties. Neemarin @ 20 ppm gave (25.4-77.0%) reduction in P. xylostella population in 1*' 
spray and 23.6-76.7% in 2"** spray on NS-25 and Golden acre, respectively in 2008-09. 
Furthermore, 23.8-79.4 and 26.6-79.0% reduction was noticed in both sprays on Golden acre 
over the control during 2009-10. Multineem @ 20 ppm had low impact on P. xylostella 
population than to other neem insecticides tested. It has reduced to 23.2-73.6, 19.5-71.8 and 
21.7-72.7% in 1'' spray and 19.5-75.8, 17.9-73.2 and 19.6-72.4%, in 2"" spray on Golden Acre, 
Parvati and NS-25, respectively in 2008-09, while 21.85-74.3, 25.7-72.5 and 22.4-72.5% and 
25-77.4, 23.1-72.9 and 21.5-74.7% reduction occurred on tested varieties in 2009-2010 (Table-
4.a.4.1-4.a.4.3). Biolep and bioasp @ 20 ppm differed significantly/non-significantly in both 
sprays during 2008-09 and 2009-10 (Table-4.a.3.1-4.a.4.3).The population was reduced to 
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21.1-71.1 and 18.8-70.0% in f' spray, while 18.2-74.8 and 17.1-73.6% in 2"** spray on Golden 
Acre in 2008-09. A substantial difference has occurred in the reduction with biolep and bioasp 
during 2009-10. NSKE also reduced the density of P. xylostella on cabbage during the two 
cropping seasons. Population of larvae and pupae were significantly/non-significantly differed 
after application of 5. bassiana concentrations i.e. 2x10^ 1x10^2x10* and lxlO*conidia/ml on 
cabbage varieties. A marginal difference was noticed in reduction with 2xl0' and 1x10^ 
conidia/ml i.e. 17.8-68.6 and 16.1-67.3% in 1'' spray, while 16.3-69.7 and 14.6-67.4% in 2"*^  
spray of 2x10* and 1x10* on Golden Acre in 2008-09. Almost similar reduction was also 
observed in 2009-10. 
Parasite was less affected by biopesticides on cabbage varieties at 2, 5, 8 and 11 days 
after spray (DAS) over control (Table-4.a.3.l-4.a.4.3). Reduction in the parasite population was 
on 2 to 11 DAS vdth biopesticides. Neemazal 20 ppm reduced the parasites significantly 
(P<0.05) as compared to other biopesticides used on cabbage i.e. Golden Acre, Parvati and NS-
25 in both spraying schedules during both years of 2008-09 and 2009-10. It reduced the density 
to 38.7-48.6% over the control in 1** spray on Golden Acre, while 36.3-47.6% in 2"'' spray on 
NS-25 in 2008-09. However, 26.6-52.0 and 25.2-41.6% were reduced in 2"'' spray on NS-25 
and Golden Acre, respectively 2009-2010. Neemix @ 20 ppm also reduced population to 27.8-
34.3 and 25.9-37.3% in two sprays, respectively, on Golden Acre and NS-25 during 2008-09. 
Effects of neemarin and neemexcel @ 20 ppm were signiflcantly/non-significantly differed on 
cabbage varieties in 2008-09. Almost similar observations were foimd in 2009-10 (Table-
4.a.4.1). Multineem @ 20 ppm showed a low impact on parasites among the neem insecticides 
used. It reduced the parasite population as low as 12.0-13.8 and 8.3-12.0% in 1*' and 2"** sprays 
on Parvati and Golden Acre, respectively in 2008-09 (Table-4.a.3.2-4.a.3.1), while 10.0-14.0 
and 9.3-10.0% in two sprays on Golden Acre in 2009-10. Biolep and bioasp @ 20 ppm varied 
statistically on cabbage varieties. They reduced the population from 6.1-10.3 and 3.5-7.5% in 
1" spray, while 4.6-7.5 and 1.8-4.4% in 2"'' spray on Parvati during 2008-09 (Table-4.a.3.2). 
5.0-9.1 and 2.2-4.5% decrease was determined in 1*' spray on Golden Acre, while 5.6-8-10.1 
and 3.2-5.0% in 2"*" spray on NS-25 and Parvati, respectively in 2009-10 (Table-4.a.4.1-
4.a.4.3). NSKE was found to be less toxic to parasites as compared to neem formulations 
tested. Reduction was ranged from 7.3-13.5 and 6.5-8.3% in 1^ ' and 2"'' sprays, respectively on 
NS-25 in 2008-09. However, 6.0-12.0% and 7.7-11.7% reduction occurred in two sprays on 
same variety in 2009-2010. B. bassiana was safer to parasites than to neem insecticides. B. 
bassiana @ 2x10^ and 1x10^ conidia/ml gave a reduction of 12.5-18.0 and 8.6-14.6% in 1^ ' 
spray, while 8.7-12.3 and 5.4-9.1% by 2x10* and 1x10* conidia/ml sprays, respectively on NS-
25 in 2008-09. 
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Neemazal and neemix @ 20 ppm were most toxic to P. xylostella as compared to 
neemarin, neemexcel and multineem on cauliflower and cabbage in two sprays during 2008-09 
and 2009-10. Neemazal has significantly reduced a higher population of larvae and pupae than 
the rest of biopesticides in 1^ ' spray on Pusa Snowboll-k-1 during 2009-10 than to 2"** spray on 
Pusi in 2008-09. Multineem @ 20 ppm and NSKE 5% showed a least reduction in both the 
cropping seasons. A substantial reduction was observed with biolep and bioasp on both 
cauliflower and cabbage. B. bassiana was considerably reduced the P. xylostella population 
during both the cropping seasons. Reduction in the population of P. xylostella was higher in 
cauliflower than to cabbage. 
Parasites of P. xylostella were considerably affected with neemazal 20 ppm as 
compared to neemix and neemarin while, multineem 20 ppm was least harmful to parasites. 
Biolep and bioasp @ 20 ppm also gave a substantial effect on parasites. NSKE was found safer 
to parasites of P. xylostella on cauliflower and cabbage during both the cropping seasons. B. 
bassiana showed a little impact on parasitic population on cauliflower and cabbage. Therefore, 
multineem, NSKE and biolep may be incorporated in the management of P. xylostella on 
cabbage and cauliflower to reduce P. xylostella as well as safer to parasites. 
4.b.l. Combined effect of biopesticides and insecticides on the management of P. xylostella 
on cauliflower, B. a. botrytis: 
Biopesticides and insecticides have together greatly reduced the larvae and pupae of P. 
xylostella on cauliflower at 2, 5, 8 and 11 days after spray (DAS) over control (Table-4.b.l.l-
4.b.2.3). A combination of neemazal and imidacloprid was significantly (P<0.05) better than 
other combinations against P. xylostella on cauliflower, Pusi, Aghani and Pusa Snowboll-k-1 in 
both spraying schedules during both years of 2008-09 and 2009-10. Application of neemazal 
and imidacloprid (15+lOppm) offered 37.7-91.6% reduction in the population of P. xylostella 
in 1^* spray on Aghani as compared to Pusi and Pusa SnowboU-kl, while 30.1-88.8, 33.1-92.9 
and 32.1-91.0% in 2"'' spray with neemazal and cypermethrin (15+15 ppm) on Pusi, Aghani 
and Pusa Snowboll-k-1, respectively in 2008-09 (Table-4.b.l.l-4.b.l.3). However, greater 
reduction (36.8-90.7% and 33.9-92.8%) occurred in l" and a"** sprays on Pusi and Pusa 
Snowboll-k-1, respectively in 2009-10 (Table-4.b.2.1-4.b.2.3). Neemix and imidacloprid@ 
15+10 ppm caused a higher (30.8-86.9%) reduction on Pusi, while 29.2-87.8% in 
neemix+cypermethrin (15+15 ppm) treatment on Aghani during 2008-09, whereas 30.5-86.0 
and 30.2-88.0% larvae and pupae were reduced in two sprays on Pusi and Pusa Snowboll-k-1, 
respectively during 2009-10. Neemarin and neemexcel both with imidacloprid were statistically 
similar during both years of study. However, they differed significantly (P<0.05) at 2 DAS on 
Pusi during both cropping seasons. Application of neemarin and imidacloprid (15+10 ppm) 
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showed a reduction of 25.9-83.3% on Pusi while, 26.2-84.8% in neemarin + cypermethrin 
(15+15 ppm) on Aghani in 2008-09, whereas reduction was 26.7-81.2% on Pusa SnowboU-k-l 
and 24.3-83.6% on Pusi in two sprays, respectively in 2009-10. Neemarin and neemexcel with 
insecticides were significantly (P<0.05) differed at 2 DAS on Pusi in 2008-09 and 2009-10. 
Multineem (15 ppm) with imidacloprid (10 ppm) and cypermethrin (15 ppm) were less 
effective as compared to tested neem insecticides that gave 23.4-79.1 and 22.7-80.8% reduction 
in two sprays on Pusi and Aghani, respectively in 2008-09 (Table-4.b.l.l-4.b.l.2). However, 
20.5-77.5 and 21.7-80.6% larvae and pupae were reduced in two sprays on Aghani and Pusi, 
respectively in 2009-10. Biolep and bioasp with insecticides were significantly/non-
significantly differed on cauliflower and cabbage varieties during both cropping seasons. 
Biolep and bioasp with imidacloprid (15+10 ppm) caused a reduction of 21.8-77.4 and 20.4-
75.7% in 1** spray and 16.1-76.8 and 15.4-75.7% with 2"** spray with cypermethrin (15 ppm) on 
Pusi in 2008-09. NSKE with insecticide caused at least reduction as compared to neem 
insecticides. 24.7-79.7% reduction was obtained in NSKE+imidacloprid (3%+10 ppm) on Pusi 
over the control in 2008-09, however 19.9-78.1% on Pusa SnowboU-k-l and 20.5-79.5% in 
Pusi during 2009-2010. 
Neemazal and neemix with imidacloprid and cypermethrin greatly reduced the parasite 
population as compared to other biopesticides used on cauliflower varieties at 2, 5, 8 and 11 
DAS over control (Table-4.b.l.l-4.b.2.3). Neemazal with imidacloprid (15+10 ppm) adversely 
affected the population to 63.5-65.5 and 53.3-61.8% with neemazal and cypermethrin (15+15 
ppm) on Pusi over the control in 2008-2009. However, 52.5-60.3 and 48.5-61.4% reduction 
also occurred with 1^ ' and 2"'' sprays, respectively on Pusi during 2009-10 (Table-4.b.2.1). 
The density of parasite was reduced from 52.8 to 59.1% in neemix and imidacloprid 
(15+15 ppm) while, 50.0 to 59.0% in neemix and cypermethrin on Pusa snowboll-k-1 in 2008-
09 (Table-4.b.l.3-4.b.2.1). Multineem and insecticides caused a substantial mortality of 
parasites as compared to other neem formulations with insecticides. Biolep and bioasp with 
imidaclorid and cypermethrin caused a non-significant effect on parasite of P. xylostella. 
Biolep and bioasp with imidacloprid gave a reduction of 28.6-46.6 and 25.0-45.0% in 1'' spray, 
while 26.8- 50.2 and 24.0-49.2% on Pusi in 2009-2010. NSKE (3%) and imidacloprid (10 ppm) 
caused 24.9-38.6% decreases on Pusi in P' spray and 35.3-47.1% in 2"'' spray on Aghani in 
2008-09, whereas 24.0-42.9 and 25.8-50.0% reduction occurred in two sprays on Aghani and 
Pusa Snowboll-k-1 in 2009-10. Parasites population was greatly reduced on Pusi as compared 
to Aghani and Pusa Snowboll-k-1 with biopesticides and insecticides combinations. 
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4.b.2. Combined effect of biopesticides and insecticides on the management of P. xylostella 
on cabbage, B, o. capitata: 
Biopesticides and insecticides combinations significantly (P<0.05) reduced the larvae 
and pupae of P. xylostella on cabbage at 2, 5, 8 and 11 DAS over control (Table- 4.b.3.1-
4.b.4.3). Neemazal and imidacloprid combination was most effective than other tested against 
P. xylostella on cabbage i.e. Golden Acre, Parvati and NS-25 in both spraying schedules during 
both years of 2008-09 and 2009-010. Neemazal and imidacloprid (15+10 ppm) reduced the 
population to 37.2-92.0% in 1'' spray on Golden Acre, while 33.6-91.7% in 
neemazal+cypermethrin on Parvati in 2008-09. However, 39.6-93.8 and 37.5-90.6% reduction 
occurred in two sprays on NS-25 and Parvati, respectively in 2009-10 (Table- 4.b.4.2). Neemix 
and imidacloprid (15+10 ppm) resulted the highest (34.7-86.8%) reduction, while 29.6-86.8% 
in neemix and cypermethrin (15+10 ppm) on Parvati in 2008-09 (Table- 4.b.3.2) and 36.3-89.6 
and 29.9-84.7% reduction in 1'' and 2"'' sprays, respectively during 2009-10. Neemarin and 
neemexcel (15 ppm) with insecticides were statistically (P<0.05) similar in both the sprays 
during the two cropping seasons. These two with imidacloprid (10 ppm) reduced the larvae and 
pupae to 30.6-82.4 and 29.5-81.5% on Parvati, while 27.6-81.8 and 26.3-80.9% with 
cypermethrin (15 ppm) on Golden Acre in 2008-09. Multineem and biolep with insecticides 
were significantly similar in the respective sprays. Multineem with imidacloprid (15+10 ppm) 
showed 25.3-77.9% reduction on Parvati, while 22.8-79.6% with multineem and cypermethrin 
(15+15 ppm) on Golden Acre in 2008-09. Biolep and bioasp (15 ppm) with insecticides gave a 
substantial reduction in population during both cropping seasons. They reduced the population 
to 23.4-76.3 and 21.9-75.0% with imidacloprid (10 ppm) on Parvati, while 21.05-77.8 and 
20.0-76.3% reduced in biolep and bioasp (15 ppm) and cypermethrin (15 ppm) on Golden Acre 
2008-09. However, 23.7-79.3 and 21.9-77.6% decrease was in 1'^  spray and 21.0-76.0 and 19.7-
75.0% in 2"** spray on NS-25 in 2009-10. NSKE and imidacloprid (3%+10 ppm) caused a 
reduction of 26.5-78.9% in l" round spray on Parvati, while 25.0-78.8% in 
NSKE+cypermethrin (3%+15 ppm) on NS-25 in 2008-09, whereas 25.0-80.6 and 23-76% on 
NS-25 in 2009-10. 
Parasite population of P. xylostella was significantly/non-significantly affected with 
biopesticides and insecticides combinations on cabbage (Table-4.b.3.1-4.b.4.3). A combination 
of neemazal and neemix caused a higher reduction of parasites than to other biopesticides used 
on cabbage varieties at 2, 5, 8 and 11 days after spray over control. Neemazal with 
imidacloprid (15+10 ppm) significantly reduced the population from 65.9 to 71.8% as 
compared to neemazal+cypermethrin (15+15 ppm) on Golden Acre in P' and 2"** sprays, 
respectively in 2008-09. However, 58.6-69.6 and 48.1-66.1% reduction occurred with l" and 
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2"'' sprays, respectively on NS-25 var. in 2009-2010. Neemix and imidacloprid (15+10 ppm) 
reduced the population to 57.7-64.8%, while 53.2-61.6% in neemix and cypermethrin (15+15 
ppm) on Golden acre during 2008-09. Neemarin and neemix (15 ppm) with imidacloprid (10 
ppm) caused a reduction from 49.5-60.2 and 46.4-58.9%, while 48.3-57.7 and 45.7-55.8%, 
respectively on Golden Acre in 2008-09, whereas the reduction was ranged from 43.3 to 54.8 
and 39.3 to 53.3% in 1'* spray and 40.1 to 58.7% and 37.1 to 57.1% in 2"" spray on Parvati 
during 2009-10. Multineem (15 ppm) with imidacloprid (10 ppm) and cypermethrin (15 ppm) 
offered a significant reduction among the neem formulations and insecticides combinations. A 
significantly low impact was obtained when biolep (15 ppm) and bioasp (15 ppm) with 
imidacloprid (10 ppm) and cypermethrin (15 ppm) applied on cabbage. 38.2-53.7 and 34.1-
52.0% parasites were reduced in 1*' spray, while 37.5-50.8 and 33.3-49.0% in 2"** spray on 
Golden Acre in 2008-09. However, only 27.3-45.7% and 21.5-43.3% reduction occurred by 
biolep and bioasp with imidacloprid (15+10 ppm) on Parvati in 2009-10. NSKE with 
insecticides were least toxic to parasites of P. xylostella in the two cropping seasons. 
Combined application of neemazal (15 ppm) and neemix (15 ppm) with imidacloprid 
(10 ppm) and cypermethrin (15 ppm) reduced P. xylostella effectively as compared to other 
biopesticides tested on cauliflower and cabbage in two sprays during 2008-09 and 2009-10. 
Neemazal and imidacloprid gave highest reduction (39.6-93.8%) in 1** spray on NS-25 of 
cabbage in 2008-09, while, 33.1-92.9% in neemazal and cypermethrin (15+15 ppm) in 2"** 
spray on Aghani in 2008-09. Neemix and imidacloprid (15+10 ppm) caused a reduction of 
30.8-86.9% on Pusi in 2008-09. Neemarin (15 ppm) and neemexcel (15 ppm) with 
imidacloprid (10 ppm) and cypermethrin (15 ppm) caused the highest reduction on Pusi in 1^ ' 
spray and Aghani in 2"** spray in 2008-09, whereas the population was greatly reduced on NS-
25 and Golden Acre in f' and 2"'' spray in 2009-10 and 2008-09, respectively. Multineem (15 
ppm) with imidacloprid (10 ppm) and cypermethrin (15 ppm) offered a significantly decrease 
in population as compared to other neem insecticides during the two cropping seasons. Biolep 
(15 ppm) and bioasp (15 ppm) with imidacloprid (10 ppm) caused as high as 21.8-77.4 and 
20.4-75.7% reduction in 1'' spray on Pusi and 20.6-78.9 and 19.7-77.8% with 2"** spray on 
Aghani in 2008-09. NSKE (3%) with imidacloprid (10 ppm) and cypermethrin (15 ppm) 
showed a considerable reduction on tested varieties of cauliflower and cabbage. 
Neemazal with imidacloprid (15+10 ppm) reduced the parasite of P. xylostella as 
compared other combinations of biopesticides and insecticides. Neemix with imidacloprid 
(15+10 ppm) and cypermethrin (15 ppm) offered the highest reduction from 52.8-59.1 and 
50.0-59.0% in l" and 2"*^  sprays on Pusi and Pusa SnowboU-k-l, respectively in 2008-09. 
However, 57.7-64.8% population was decreased in 1'* spray on Golden Acre in 2008-09, while 
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44.67-63.25% in 2"'' spray on Golden Acre in 2009-10. Neemarin (15 ppm) and neemexcel (15 
ppm) combination with insecticides showed a substantial decrease in parasite population on 
cauliflower and cabbage. Multineem (15 ppm) with imidacloprid (10 ppm) and cypermethrin 
(15 ppm) caused a significant reduction in parasites on cauliflower and cabbage. Biolep and 
bioasp with imidacloprid (15+10 ppm) reduced to 28.6-46.6 and 25.0-45.0%, while 26.8-50.6 
and 24.0-49.2% with biolep and bioasp with cypermethrin (15+15), respectively on Pusi in 
2009-10. Least effect was observed with NSKE (3%) with imidacloprid (10 ppm) and 
cypermethrin (15 ppm) as compared to neem on cauliflower and cabbage. 
4.C. Cost benefit ratio of application of biopesticides on the management of P. xylostella: 
Data showed (Table-4.c.l) that yield performance and cost benefit ratio generated was 
significantly (P<0.05) higher in marketable yield of cauliflower treated with biopesticides than 
to control during both years of study. Maximum yield was obtained in neemazal i.e. 281,6 and 
287.3qha"' in 2008-09 and 2009-10, respectively followed by neemix, neemarin, neemexcel 
and multineem. Cauliflower when treated with biolep and bioasp produced 237.4 and 233.5 
qha'' in 2008-09, while 240.3 and 236.7qha'', respectively during 2009-10. Yield of cauliflower 
in multineem, biolep, bioasp and NSKE were statistically similar. Production of cauliflower 
was also not significantly differed in B. bassiana concentrations during both years of study. 
The yield of cauliflower produced during 2"** year was higher than that of 1*' in their respective 
treatments. It may be due to high pest infestation and favourable environmental condition in 
2008-09 as compared to 2009-10. 
Neemazal exhibited the highest benefit cost ratio (13.1:1) followed by neemix (8.5:1), 
neemarin (6.1:1), neemexcel (5.1:1) and NSKE (4.8:1) in 2008-09. Whereas,' a substantially 
highest benefit cost ratio was obtained in neemazal (15.1:1) followed by neemix (10.3:1), 
neemarin (8.3:1), neemexcel (6.3:1) and NSKE (5.7:1) in 2009-10. Biolep and bioasp gave a 
considerably better benefit cost ratio i.e. 3.3:1 and 2.3:1 in 2008-09, while, 3.5:1 and 2.5:1 in 
2009-10, respectively than to B. bassiana. Highest yield of cauliflower and benefit cost ratio 
was offered by neemazal during both the years. 
Yield performance and cost benefit ratio was significantly (P<0.05) higher in cabbage 
treated with biopesticides than to control during both cropping seasons. Cabbage yield was 
highest with neemazal i.e. 288.2 and 292.9qha"' in 2008-09 and 2009-10, respectively followed 
by neemix and neemarin. Multineem treated cabbage produced 253.5 and 258.2qha'' during 
2008-09 and 2009-10, respectively. However, multineem and biolep were not significantly 
differed in 2008-09. Cabbage production was increased in biolep and bioasp treated plots to 
245.3 and 240.2q/ha'' in 2008-09, while 249.4 and 241.6q/ha"' respectively in 2009-10 as 
compared to 226.2 and 229.1q/ha'' in the control plots during 2008-09 and 2009-10, 
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respectively. Cabbage production was lower during 1*' year than to that of T^ year in their 
respective treatments. 
The highest benefit cost ratio was exhibited in neemazal (13.3:1) followed by neemix 
(9.5:1), neemarin (8.5:1), neemexcel (8.3:1) and multineem (4.8:1) in 2008-09. However, it was 
increased to 13.5:1 with neemazal followed by neemix (10.7:1), neemarin (8.7:1), neemexcel 
(8.4:1) and multineem (5.1:1) in 2009-10. Whereas, biolep and bioasp offered a better benefit 
cost ratio of 3.9:1 and 2.6:1 in 2008-09, while, 4.0:1 and 2.1:1 in 2009-10, respectively than to 
B. bassiana. 
Cauliflower and cabbage production was economically increased with the application of 
biopesticides in two years of study. Neemazal gave a higher yield and benefit cost ratio on 
cabbage than to cauliflower among the biopesticides tested during both the years. Neemix and 
neemarin also exhibited the higher yield and benefit cost ratio in cabbage and cauliflower 
during two cropping seasons. Neemarin and neemexcel were statistically similar on cauliflower 
and cabbage. NSKE considerably increased more yield in cauliflower than to cabbage. Biolep 
and bioasp exhibited higher yield and benefit cost ratio in cabbage as compared to cauliflower. 
4.d. Cost benefit ratio of combined application of biopesticides and insecticides on the 
management of P. xylostella: 
Combined effect of biopesticides and insecticides on P. xylostella offered a significantly 
(P<0.05) higher yield and cost benefit ratio on cauliflower than to the control during both 
cropping seasons (Table-4.d.l). A significantly high production was noted in neemazal with 
imidacloprid and cypermethrin i.e. 287.8 and 292.7qha"' in 2008-09 and 2009-10, respectively 
followed by neemix, neemarin, neemexcel and multineem combinations with imidacloprid and 
cypermethrin. Neemix and neemarin with imidacloprid and cypermethrin resulted 276.3 and 
261.4q/ha"' in 2008-09, while 281.5 and 267.3q/ha"', respectively in 2009-10 as compared to 
223.1 and 227.4q/ha"' in the untreated control. However, Biolep and bioasp with imidacloprid 
and cypermethrin treatments have increased the cauliflower yield to 243.7 and 239.7q/ha'' in 
2008-09, while 248.5 and 244.8qha"', respectively during 2009-10. 
The highest benefit cost ratio (15.4:1) was exhibited by neemazal with imidacloprid and 
cypermethrin combinations followed by neemix (11.6:1), neemarin (8.3:1), neemexcel (6.6:1) 
and NSKE (5.9:1) with imidacloprid and cypermethrin combinations in 2008-09. Neemazal 
with imidacloprid and cypermethrin combinations gave 16.3:1 followed by neemix (12.4:1), 
neemarin (9.1:1), neemexcel (7.1:1) and NSKE (6.2:1) in 2009-10. Whereas, biolep and bioasp 
with imidacloprid and cypermethrin exhibited a considerably lower benefit cost ratio than to 
neem based and insecticides combinations. Biopesticides with imidacloprid and cypermethrin 
combinations have increased the production of cauliflower as compared biopesticides alone. 
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Biopesticides with insecticides treatments enhanced the marketable yield and cost 
benefit ratio significantly (P<0.05) in cabbage as compared to untreated plots during two years 
of study (Table-4.d.2). Neemazal with imidacloprid and cypermethrin exhibited the highest 
cabbage yield of 293.3 and 296.4qha*' in 2008-09 and 2009-10, respectively followed by 
neemix and neemarin and insecticide combinations. Cabbage when treated with multineem and 
other insecticides produced to 268.4 and 272.8qha'' during 2008-09 and 2009-10, respectively. 
Biolep and bioasp with imidacloprid and cypermethrin increased the cabbage productivity to 
251.2 and 246.6q/ha'' in 2008-09, while 255.3 and 251.7q/ha'' in 2009-10 as compared to 
228.2 and 230.2q/ha'', respectively in xmtreated control in two cropping seasons. 
Neemazal with imidacloprid and cypermethrin gave the highest benefit cost ratio of 
14.5:1 followed by neemix (11.7:1), neemarin (10.5:1), neemexcel (9.9:1) and multineem 
(8.1:1) in 2008-09, whereas, neemazal (14.6:1) followed by neemix (12.1:1), neemarin 
(10.6:1), neemexcel (10.3:1) and multineem (8.6:1) with imidacloprid and cypermethrin in 
2009-10. Benefit cost ratio in NSKE and insecticides was 6.7:1 in 2008-09, while 7.3:1 in 
2009-10. Biolep and bioasp offered an economically benefit cost ratio of 5.0:1 and 3.8:1 in 
2008-09, while, 5.4:1 and 4.5:1 in 2009-10, respectively. Neemazal, neemix and neemarin with 
imidacloprid and cypermethrin offered higher yield and benefit cost ratio of cabbage during 
both the years. 
Cauliflower and cabbage production was significantly increased with the combined 
effect of biopesticides and insecticides during two cropping seasons. Neemazal with 
imidacloprid and cypermethrin gave the highest yield in cabbage as compared to cauliflower; 
benefit cost ratio was higher. Neemix and neemarin also exhibited a higher yield and benefit 
cost ratio in cabbage and cauliflower during two cropping seasons. Combined treatments with 
neemarin and neemexcel were statistically (P<0.05) similar on cauliflower and cabbage. NSKE 
with imidacloprid and cypermethrin increased the cabbage productivity and benefit cost ratio as 
compared to cauliflower. 
Botanical insecticides are useful and desirable tools in the pest management 
programmes because they can be effective and often non toxic to natural enemies with low 
environmental impact (Schmutterer, 1990, 1995, Haseeb et al, 2004, Xu et al., 2004). 
Production of cauliflower and cabbage was economically increased with the application of 
biopesticides in two years of study. Neemazal gave a higher yield and benefit cost ratio on 
cabbage than to cauliflower among the biopesticides tested during 2009-10. Combined effect of 
biopesticides with imidacloprid and cypermethrin showed a significant increased in the yield 
and benefit cost ratio on both cauliflower and cabbage as compared to biopesticides alone 
during two cropping seasons. Neemazal with imidacloprid and cypermethrin exhibited the 
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highest yield on cabbage as compared to combination of insecticides and biopesticides alone. 
Production was higher in 2"** cropping season than to the first one. Application of biolep and 
bioasp with imidacloprid and cypermethrin provided more yield in cabbage than to cauliflower. 
Dipel (0.3%) and biobit (0.3%) gave a reduction of P. xylostella less than 10% after 1-day of 
spraying but proved better after 14-days (Jastotia and Suri, 2002). Pokharkar et al. (2002) 
opined that B.t. formulation to persist on the leaves of field grown cabbage plants for at least 5 
days with OAR (Original Activity Remaining) thus providing high protection against DBM. 
Whereas, Dhaliwal et al. (1997) reported that the mortality of P. xylostella on cabbage was 
highest with 4 kg ha'' of neem formulations, achook and nimbicidine 7 days after treatment and 
concluded that endosulfan was the most effective followed by achook and nimbicidine. They 
also reported that neem formulations were safer to the parasitoids, Microplitis similis and 
Cotesia glomerata. Javaid et al. (2000) reported that aqueous neem leaf and seed extracts 
recorded a significantly higher yield of marketable heads of cabbage and also gave a better 
control of P. xylostella than the commonly used mixture of pyrethroids or the untreated control. 
Shukla and Kxraiar (2006) found that the application of endosulfian @1.25 liflia + beta-
cyfluthrin 750 ml/ha + azadirachtin 2.0 lit/ ha proved the best module which reduced the larval 
population of P. xylostella and gave the maximum yield followed by b.t.k. 1.25kg/ha + 
diflubenzuron 200g/ha + endosulfan 1.25 lit/ha. Satpathy et al. (2007) evaluated spinosad (soil 
fimgus, Saccharopolyspora spinosa), spynosyns A and B (Tracer 2.5 SC), at 15, 17.5 and 20g 
a.i. cypermethrin (Bilcyp lOEC), at 50g a.i. quinalphos (Ekalux 25EC), at 250g a.i., 
chlorpyrifos (Dursban 20EC), at 400g and 500g a.i. B.t. (Biobit 50 WP) on P. xylostella. Two 
sprays of each treatment were applied after attainment of economic threshold level (2-3 DBM 
larvae per plant). The lowest number of larval population (1.6/plant) was 3 days after the first 
treatment in spinosad (20g a.i.); treated plot being at par with other spinosad and Bt treatments. 
The persistency of this insecticide was found 10 days after treatment on the basis of larval 
infestation. Mehrajuddin-Mir et al. (2010) showed trizophos gave maximum mortality (91%) 
followed by malathion (64%) and Halt WP (45%). While, Halt WP had a minimum (63%) 
larval mortality which was at par with malathion (63%). Although, trizophos had 91% larval 
mortality followed by delfin WG (79%) and bioasp WP (78%) being at par with each other. 
After 7"^  days of first spray, absolute mortality was observed with treatment of trizophos, Halt 
WP (87%), delfin WG (95%), delfin OF (94%) and bioasp WP (94%). Similar trend was 
observed in the second spray 1, 3, 5 and 7 days after treatment. Among neem formulations 
neemazal (5000 ppm) was more effective than neemgold (1500 ppm) and nimbecidine (300 
ppm) (Meena et al.,20l 1). 
Table-4.a.l.l. Effect of biopesticides on the population of P. xylostella on cauliflower, B.o.botrytis 
var. Pusi (2008-09) 














































































































































































































































































































































































































































































l l . l ' 
4.50 
1.76 
DBS- Days before spraying DAS- Days after spraying 
*g/'00ml # conidia/ml 
DAT- Days after transplanting 
Table-4.a.l.2. Effect of biopesticides on the population of P. xylostella on cauliflower, B.o. botrytis 
var. Aghani (2008-09) 













































































































































































































































































































































































































































































Means followed by same letter in column are not significantly different (p^O.05) by Tukey's HSD 
Table-4.a.l.3. Effect of biopesticides on the population of P. xylostella on cauliflower, B.o. botrytis 
var. Pusa Snowboll-K 1 (2008-09) 
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7 .1 ' 
4.20 
1.24 
Table-4.a.2.1. Effect of biopesticides on the population of P. xylostella on cauliflower, B.o.botrytis 
var.Pusi (2009-10) 
















































































































































































































































































































































































































































































DBS- Days before spraying 
*g/100ml #conidia/ml 
DAS- Days after spraying DAT- Days after transplanting 
Table-4.a.2.2. Effect of biopesticides on the population of P. xylostella on cauliflower, B.o.botrytis 
var.Aghani (2009-10) 












































































































































































































































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
Table-4.a.2.3. Effect of biopesticides on the population of P. xylostella on cauliflower, B.o.botrytis 
var. Pusa Snowboll-K 1 (2009-10) 





































































































































































































































































































































































































































































3.03 1.84 1.56 1.97 2.46 
by same letter in column are not signiticantly ditterent (p=U.Ui) by Iukeys HSU 
2.07 1.73 1.54 
Table-4.a.3.1. Effect of biopesticides on the population of P. xylostella on cabbage, B.o. capitata 
var. Golden Acre (2008-09) 













































































































































































































































































































































































































































































Means followed by same letter in column are not 
DBS- Days before spraying DAS- Days 
•g/lOOmI # conidia/ml 
significantly different (p=0. 
after spraying 
05)byTukey'sHSD 
DAT- Days after transplanting 
Table-4.a.3.2. Effect of biopesticides on the population of P. xylostella on cabbage, B.o. capitata 
var. Parvati (2008-09) 
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Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
Table-4.a.3.3. Effect of biopesticides on the population of?, xylostella on cabbage, B.o. capitata 
var. NS-25 (2008-09) 
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2.32 
























































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
Table-4.a.4.1. Effect of biopesticides on the population of P. xylostella on cabbage, B.o.capitata 
var. Golden Acre(2009-10) 











































































































































































































































































































































































































































































Means followed by same letter in column are i 
DBS- Days before spraying 
•g/IOOml #conidia/mi 
DAS- Days after spraying 
».05)byTukey'sHSD 
DAT- Days after transplanting 
Table-4.a,4.2. Effect of biopesticides on the population of P. xylostella on cabbage, B.o.capitata, 
var.Parvati (2009-10) 













































































































































































































































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
Table-4.a.4.3. Effect of biopesticides on the population of P. xylostella on cabbage, B.o.capitata 
var.NS-25 (2009-10) 












































































































































































































































































































































































































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
Table-4.b. 1.1 .Combined effect of biopesticides and insecticides on the population of P. xylostella on 
cauliflower, B. o. botrytis var. Pusi (2008-09) 





























































































































































































































































































































































































Means followed by same letter in column 
DBS- Days before spraying 
•Percent concentration 
are not significantly different (p=0.05) by Tukey's HSD 
DAS- Days after spraying DAT- Days after transplanting 
Table-4.b. 1.2. Combined effect of biopesticides and insecticides on the population of P. xylostella on 
cauliflower, B. o. botrytis var. Aghani (2008-09) 




























































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
* Percent concentration 
in column are not significantly different (p=0.05) by Tukey's HSD 
DAS- Days after spraying DAT- Days after transplanting 
Table-4.b.l.3. Combined effect of biopesticides and insecticides on the population of P. xylostella on 
cauliflower, B. o. botrytis var. Pusa SnowboU-Kl (2008-09) 





























































































































































































































































































































































































Means followed by same letter in column are not significantly different (p=0.05) by Tukey's HSD 
DBS- Days before spraying DAS- Days after spraying 
* Percent concentration 
DAT- Days after transplanting 
Table-4.b.2.1. Combined effect of biopesticides and insecticides on the population of P. xylostella 
on cauliflower, B.o. botrytis var. Pusi (2009-10) 






















Mean number of larvae and pupae/plant 


































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
•Percent concentration 
in column are not significantly different (p=O.OS) by 
DAS- Days after spraying 
Tukey's HSD 
DAT- Days after transplanting 
Table-4.b.2.2. Combined effect of biopesticides and insecticides on the population of P. xylostella 
on cauliflower, B.o. botrytis var. Aghani (2009-10) 






















Mean number of larvae and pupae/plant 

































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
•Percent concentration 
in column are not significantly different (p=0.05) by 
DAS- Days after spraying 
Tukey's HSD 
DAT- Days after transplanting 
Table-4.b.2.3. Combined effect of biopesticides and insecticides on the population of?, xylostella 
on cauliflower, B.o. botrytis var. Pusa Snowboll-Kl (2009-10) 

























































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
•Percent concentration 
in column are not significantly different {p=0.05)by 
DAS- Days after spraying 
Tuke/s HSD 
DAT- Days after transplanting 
Table-4.b.3.1.Combined effect of biopesticides and insecticides on the population of P. xylostella on 
cabbage, B. o. capitata var. Golden Acre (2008-09) 




























































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
• Percent concentration 
in column are not significantly different {p=0.05) by Tukey's 
DAS- Days after spraying 
HSD 
DAT- Days after transplanting 
Table-4.b.3.2. Combined effect of biopesticides and insecticides on the population of P. xylostella on 
cabbage, B. o. capitata var. Parvati (2008-09) 



























































































































































































































































































































































































Means followed by same letter in column are not significantly different {p=0.05) by Tukey's HSD 
DBS- Days before spraying DAS- Days after spraying 
* Percent concentration 
DAT- Days after transplanting 
Table-4.b.3.3. Combined effect of biopesticides and insecticides on the population of P. xylostella on 
cabbage, B. o. capitata var. NS-25 (2008-09) 



























































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
* Percent concentration 
in column are not significantly different (p=O.OS) by Tukey's HSD 
DAS- Days after spraying DAT- Days after transplanting 
Table-4.b.4.1. Combined effect of biopesticides and insecticides on the population of P. xylostella 
on cabbage, B.o. capitata var. Golden Acre (2009-10) 























Mean number of larvae and pupae/plant 

































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
•Percent concentration 
in column are not significantly different (p=0.05) by 
DAS- Days after spraying 
Tukey's HSD 
DAT- Days after transplanting 
Table-4.b.4.2. Combined effect of biopesticides and insecticides on the population of P. xylostella 
on cabbage, B.o. capitata var. Parvati (2009-10) 

























































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
•Percent concentration 
in column are not significantly difrerent(p= 
DAS- Days after spraying 
0.05) 
DAT- Days after transplanting 
Table-4.b.4.3. Combined effect of biopesticides and insecticides on the population of P. xylostella 
on cabbage, B.o. capitata var. NS-25 (2009-10) 

























































































































































































































































































































































































Means followed by same letter 
DBS- Days before spraying 
•Percent concentration 
in column are not significantly different (p= 
DAS- Days after spraying 
0.05) by Tukey'sHSD 
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P. xylostella (Linn.) is a major pest of cauliflower and cabbage crops. They are 
significantly differed in their impact on the life table parameters of P. xylostella under the 
influence of biopesticides at constant temperatures. Survivorship (Ix) was significantly 
decreased by increasing the temperature from 10° to 35°C. The Ix was prolonged to 121 days 
treated with LC50 of imidacloprid on cabbage as compared to 92 days in the untreated control at 
10°C. 20 ppm of neemazal has also increased the survivorship to 42 and 44 days as compared 
to 29 and 32 days on cauliflower and cabbage, respectively at 25°C. Hatching of eggs were 
reduced when P. xylostella reared on treated cabbage as compared to the treated cauliflower 
irrespective of concentrations and constant temperatures. The highest (83.10%) numbers of 
eggs were hatched by 5ppm of biolep on cauliflower, and reduced to 79% by 5 ppm of biolep 
on cabbage at 25°C. 1^ ' instars were survived to 58.7% by LC50 of imidacloprid and 70.7% in 
the untreated control on cabbage at 35°C. Survival of 2"** instars on cauliflower was greater 
than those reared on cabbage irrespective of concentrations and constant temperatures. 
However, survival of 3^** instars is higher in all the treatments on cauliflower than the cabbage 
at constant temperatures. Pupal survival was highest in all the treatments on cauliflower and 
cabbage at 25°C. The oviposition period was decreased Vidth increasing the concentrations from 
5 to 20 ppm and temperature from 10° to 35°C. Post oviposition period was concentration 
dependent of neemazal, biolep and imidacloprid at constant temperatures. Longevity of adults 
was concentration dependent and decreased with increase of temperature from 10° to 35°C. 
Daily fecundity rate (mx) was significanfly increased with increase of temperature from 10° to 
25°C and decreased when P. xylostella reared at 30° and 35°C. The mx was highest on 3^ '' day 
irrespective of biopesticide concentrations and constant temperatures. The mx was greater on 
cauliflower than that to cabbage at 25°C. 
The potential fecundity (Pf) was significantly reduced by increasing the concentrations 
from 5 to 20 ppm and increased with increasing the temperature from 10° to 25°C and then 
decreased from 30° to 35°C. 95.60females/female/generation was obtained by 5 ppm of 
neemazal on cabbage at 25°C. Greater numbers of progeny were bom at 25°C than to other 
temperatures. The net reproductive rate (Ro) was greatly reduced to 0.26 and 
0.29females/female/generation exposed to LC50 of imidacloprid as compared to 6.02 and 21.49 
in the untreated control on cabbage at 35° and 10°C, respectively. The highest Ro occurred at 
25°C when P. xylostella reared on cauliflower than cabbage under the influence of 
biopesticides at constant temperatures. The intrinsic rate of increase (r^) was significanfly 
differed at constant temperatures and reduced significantly with increasing the concentrations 
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from 5 to 20 ppm. Negative values of fm have occurred when P. xylostella exposed to 20 and 15 
ppm of neemazal and LC50 and LC25 of imidacloprid on cauliflower and cabbage at 10° and 
35°C, respectively. A greater value of rm i-e. 0.058females/female/day has occurred with 5 ppm 
of biolep on cauliflower at 25°C, while the same concentration gave 0.052 on cabbage. The 
values of finite rate of increase (A,) are significantly declined by exposure of 20 ppm of 
neemazal and LC50 of imidacloprid on cauliflower at 10° and 35°C. The progeny production 
was greater when P. xylostella exposed to 5 ppm of biolep on cauliflower than on cabbage at 
25°C. The mean generation time (Tc) was greatly prolonged to 107.38 days for completion of a 
single generation treated with LC50 of imidacloprid as compared to untreated control (72.24 
days) at 10°C. P. xylostella can complete a single generation in 21.41 days in unexposed groups 
as compared to 26.9 days exposed to 5 ppm of neemazal on cauliflower at 25°C. Almost similar 
trend of corrected generation time (x) was also obtained by treatment of neemazal, biolep, LC50 
and LC25 of imidacloprid on cauliflower and cabbage at constant temperatures. Population of P. 
xylostella will become double (DT) in 4.2 days in the untreated control at 30°C as compared to 
4.46 days at 25 °C on cauliflower. The negative values of DT were calculated when treated with 
20 ppm of neemazal at 10°C and 20 and 15 ppm of neemazal at 35°C, LC50 and LC25 of 
imidacloprid at 10° and 35°C on cabbage. The population will favourably be multiplied fast at 
25°C in both exposed and unexposed of P. xylostella. 
Development period decreases with decrease of concentrations from 20 to 5 ppm and 
increase of temperature from 10° and 35° C. Life cycle was shortest at 35°C and prolonged at 
10°C. Incubation period wais delayed to 17.6 days with LC50 of imidacloprid on cabbage as 
compared to concentrations tested of neemazal and biolep on cauliflower and cabbage at 10°C. 
A significantly increase in the development time of larva was 64.3 and 61.7 days treated with 
LC50 of imidacloprid as compared to 57.8 and 42.1 days in the untreated control on cabbage and 
cauliflower, respectively. At 25°C, larval development was completed in 22 and 21.4 days 
treated with LC50 of imidacloprid and 20 ppm neemazal, respectively on cabbage as compared 
to 12.7 in the untreated control. Pupal period was also prolonged to 17 days with LC50 of 
imidacloprid on cabbage at 10°C; this value was greater to other treatments on cabbage and 
cauliflower. Developmental period of immature stages was greatly increased from 15.6 to 
103.3 days with decreasing the temperature from 35° to 10°C with LC50 of imidacloprid on 
cabbage; however, it was greater than other treatments. The adult lived for 17.7 days and 4.4 
days with LC50 of imidacloprid on cabbage at 10° and 35°C, respectively. 
Tmin for embryonic development increases with decreasing the concentrations of 
neemazal, biolep and imidacloprid on cauliflower and cabbage. Tmin for egg stage was 7.91°C 
treated with LC25 of imidacloprid on cauliflower than to the untreated control on both treated 
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with neemazal, and biolep. It was decreased to 6.71°C treated with LC50 of imidacloprid as 
compared to 8.02°C for untreated control on cabbage. Tmin was lower for larval stages treated 
with neemazal, biolep and imidacloprid on cabbage and cauliflower than to the untreated 
control of both. Tmin for pupa was ranged from 7.18° to 7.91 °C with neemazal on cauliflower 
while, 6.97° to 7.63°C on cabbage. Same trend was observed in biolep and imidacloprid. 
A greater quantity of heat (95.2°C-day) was required for embryonic development with 
LC50 of imidacloprid on cabbage than to other treatments on cabbage and cauliflower A total of 
446.3°C-day required by larva to complete its development and reduced to 192.8°C-day on 
cabbage treated with biolep 5 ppm and the lowest i.e. 34.6 to 44.6°C-day in the unexposed 
groups on cauliflower. Thermal heat required for pre-pupal and pupal stages increased with 
increasing the concentrations of neemazal, biolep and imidacloprid on cauliflower and cabbage. 
Adult stage required a higher amount of heat (277.8°C-day) treated with 5 ppm of biolep than 
to 181.8°C-day in cabbage (only). 
Degree day (DD) requirement increased with increasing the temperature from 10° to 
30°C and decreased above 30°C in all the freatments on cauliflower and cabbage. Degree day 
requirement for immature development was greater when treated with LC50 of imidacloprid 
than to other treatments on cauliflower. Pupal stage accumulated higher heat units than to other 
treated and the untreated confrol at constant temperatures. Total degree day requirement in 
inmiature stages from egg to pupa was maximum with imidacloprid in both cauliflower and 
cabbage and minimum with biolep and neemazal at constant temperatures. 
Tmax for embryonic development was 42.53°C in the untreated cauliflower and 41.96°C 
freated v^ ath 10 ppm of biolep. While, Tmax was 42.02°C treated with 10 ppm of neemazal on 
cabbage and it was decreased to about 40°C in other treatments. Substantial variations were 
determined in Tmax of 1^ *, 2" and 4 instars in the treated and untreated control. Minimum 
threshold temperature (Tmin) for embryonic development was 8.59°C in untreated cabbage and 
decreased in the treated groups, while 8.86°C on untreated cauliflower. 3^*^  instar was more 
sensitive to decreasing temperature than to other instars in the treatment groups. The variations 
in Topt were substantial in both treated and untreated confrol. 
The oviposition of P. xylostella was decreased with increasing concentrations of 
neemarin, neemix and neemazal from 5 to 20 ppm in the no-choice tests. Cabbage varieties i.e. 
Golden Acre, Parvati and NS-25 were less preferred for oviposition than to cauliflower 
varieties; Aghani was more preferred than Pusi and Pusa Snowboll-k-1. A greater reduction 
was determined in the oviposition on Pusi freated with neemazal on different combinations than 
to neemarin and neemix on Aghani and Pusa Snowboll-K-1. Golden Acre was least preferred 
for oviposition than to Parvati and NS-25. Neemazal was more effective in reducing the 
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number of eggs than to neemarin and neemix. Whereas, in the two-choice tests, 20+15 ppm 
received a lower number of eggs than to other combinations of neem insecticides in both 
seasons of 2008-09 to 2009-2010. Golden Acre was least preferred and 36.4/55.3 and 34.2/51.4 
eggs were obtained in 2008-09 and 2009-10, respectively. 
Neemazal and neemix @ 20 ppm were most effective in reducing the population of P. 
xylostella as compared to neemarin, neemexcel and multineem on cauliflower and cabbage 
varieties in two sprays during 2008-09 and 2009-10. Multineem @ 20 ppm and NSKE @ 5% 
showed the lowest reduction in both the cropping seasons. Reduction in the population of P. 
xylostella was higher in cauliflower varieties than to cabbage. 
The parasite of/*, xylostella was greatly affected with neemazal 20 ppm as compared to 
neemix and neemarin while, multineem 20 ppm was least harmful to parasites. Biolep and 
bioasp @ 20 ppm gave a substantial effect on parasites. NSKE was found safer to parasite of 
P. xylostella on cauliflower and cabbage during both the cropping seasons. 
Combined application of neemazal (15 ppm) and neemix (15 ppm) vtdth imidacloprid 
(10 ppm) and cypermethrin (15 ppm) reduced P. xylostella effectively on cauliflower and 
cabbage in two sprays during 2008-09 and 2009-10. Neemarin (15 ppm) and neemexcel (15 
ppm) with imidacloprid (10 ppm) and cypermethrin (15 ppm) caused the highest reduction of 
P. xylostella on Pusi in 1*' spray and on Aghani in 2"** spray in 2008-09. Whereas, density was 
greatly reduced on NS-25 and Golden Acre in l" and 2"'' spray in 2009-10 and 2008-09, 
respectively. 
Neemazal with imidacloprid (15+10 ppm) reduced the parasite of P. xylostella as 
compared to other combinations of biopesticides and insecticides. NSKE (3%) with 
imidacloprid (10 ppm) and cypermethrin (15 ppm) was least harmful to the parasite as 
compared to neem formulations used on cauliflower and cabbage. 
Maximum yield of cauliflower was obtained in neemazal i.e. 281.6 and 287.3qha"' in 
2008-09 and 2009-10, respectively followed by neemix, neemarin, neemexcel and multineem. 
Neemazal exhibited the highest benefit cost ratio (13.1:1) followed by neemix (8.5:1), 
neemarin (6.1:1), neemexcel (5.1:1) and NSKE (4.8:1) in 2008-09. Whereas, a substantially 
higher benefit cost ratio was obtained in neemazal (15.1:1) followed by neemix (10.3:1), 
neemarin (8.3:1), neemexcel (6.3:1) and NSKE (5.7:1) in 2009-10. 
Cabbage yield was the highest with neemazal i.e. 288.2 and 292.9qha"' in 2008-09 and 
2009-10, respectively followed by neemix, neemarin and multineem. Cabbage production was 
increased in biolep and bioasp treated plots to 245.3 and 240.2q/ha"' in 2008-09, while 249.4 
and 241.6 q/ha'' respectively in 2009-10. The highest benefit cost ratio was exhibited in 
neemazal (13.3:1) followed by neemix (9.5:1), neemarin (8.5:1), neemexcel (8.3:1) and 
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multineem (4.8:1) in 2008-09, however, increased to 13.5:1 with neemazal followed by neemix 
(10.7:1), neemarin (8.7:1), neemexcel (8.4:1) and multineem (5.1:1) in 2009-10. 
Combined effect of neemazal with imidacloprid and cypermethrin gave a significantly 
high yield of cauliflower (287.8 and 292.7qha"') in 2008-09 and 2009-10, respectively followed 
by neemix, neemarin, neemexcel and multineem. However, Biolep and bioasp with 
imidacloprid and cypermethrin treatments have increased the cauliflower yield to 243.7 and 
239.7q/ha"' in 2008-09, while 248.5 and 244.8qha'\ respectively during 2009-10. The highest 
benefit cost ratio (15.4:1) was exhibited by neemazal with imidacloprid and cypermethrin 
combinations followed by neemix (11.6:1), neemarin (8.3:1), neemexcel (6.6:1) and NSKE 
(5.9:1) with imidacloprid and cypermethrin combinations in 2008-09, whereas 16.3:1 by 
neemazal with imidacloprid and cypermethrin combinations followed by neemix (12.4:1), 
neemarin (9.1:1), neemexcel (7.1:1) and NSKE (6.2:1) v^th tested insecticides in 2009-10. 
The combination of neemazal with imidacloprid and cypermethrin exhibited the highest 
cabbage yield of 293.3 and 296.4qha'' in 2008-09 and 2009-10, respectively followed by 
neemix, neemarin, biolep and bioasp and other combinations. Neemazal v^th imidacloprid and 
cypermethrin gave the highest benefit cost ratio of 14.5:1 followed by neemix (11.7:1), 
neemarin (10.5:1), neemexcel (9.9:1) and multineem (8.1:1) in 2008-09, whereas 14.6:1 with 
neemazal followed by neemix (12.1:1), neemarin (10.6:1), neemexcel (10.3:1) and multineem 
(8.6:1) with imidacloprid and cypermethrin in 2009-10. Benefit cost ratio in NSKE and 
insecticides was 6.7:1 in 2008-09, while 7.3:1 in 2009-10. Biolep and bioasp offered 5.0:1 and 
3.8:1 in 2008-09, while, 5.4:1 and 4.5:1 in 2009-10, respectively. 
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